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the bridge near each end of the two middle floor- 
beams. The dredge bucket is deposited on the 
shore near by, unfastened from the boom lines 
and the latter are then engaged to the slings on 
the bridge. After the span is lifted into the 
clear, as shown in Fig. 1, it is deposited on the 
lower approach so as to be entirely clear of the 
opening, as shown in Fig. 2. The boom lines 
are then released from the cable slings and again 
attached to the bucket Then by manipulating 
the boom, dipper and spuds the dredge turns 
itself about and backs through the opening, as 
. shown in Fig. 3. 
ical Lab By " \ eh ae th When it has passed through the opening, the 
] = dredge is in position to reverse the operation 
just described and replace the bridge on its 
abutments. 
The time ordinarily required for a dredge to 
open and close one of these bridges, as described, 





































FIG. 1. DREDGE LIFTING THE BRIDGE, 
AFTER DEPOSITING ITS GRAB 
BUCKET ON THE BANK (11.10 


ing A. M.). 
INSON - 
A Novel Drawbridge. 

planning By C. M. KURTZ.* 

engineer The embankment of the Sacramento Southern 
al estate R. R., which is under construction from Sacra- 
his book mento, southerly to Antioch, averages about 20 
work hi ft. in height above the general level of the coun- 
ile ‘ty traversed by it. The embankment is made 
tus by dredges casting up the material from borrow- 
brougit pits on one side or the other of the line. 
mM. Wherever the railroad crosses a highway, the 


latter is carrie€ across the borrow-pit channel 
by means of a 66-ft. span consisting of two pony 


pty trusses. The weight of the span is 15 
s, 


The only traffic on the borrow-pits that re- 


= opening of these bridges is the occasional 
passing of a dredge that might be engaged in 





ages — Work of repairing the embankment. ‘The 
wines the noes a, \nerefore designed to be opened by — 
them. tru, wedges themselves as they come to FIG. 2. SETTING BRIDGE ON APPROACH TRESTLE (11.15 A. M.). 


aa I low this is done may be seen from the 
mpanying {Mustrations, from photographs The anchor bolts at each end of the bridge are is about 2% hrs., of which time the greater part 


'S taken on June 7, 1911. first removed and four single cable slings, made is consumed by the dredge in making its two 
New York “Construction Department. Bouthacn Pasian oy especially for their function and carried by the turns of 180° each before passing through the 
234 Iowa St, San aot ern Pacific Co. - sreage, are placed in position, taking hold of opening. 
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The Paucity of Instruction in Agricultural 
Engineering in the Land-Grant Colleges.* 


Half a century ago engineering attracted little 
attention. Then only a small number of men fol- 
lowed this vocation, and there were few institu- 
tions which gave instruction in the subject. It 
was not until after the Civil War that men began 
to recognize the value of technical training and 
to question the wisdom of compelling all college 
students to spend so large a part of their time 
in a study of dead languages and a dead past. 
Then followed the passage of the Morrill Act, 
providing for colleges of agriculture and me- 
chanic arts throughout the Union. 

The main activities of the land-grant colleges 
are concentrated upon the training of civil, me- 
chanical, electrical, and mining engineers, in 
competition with a large number of state univer- 
sities and technical schools. In their efforts to 
train civil engineers for railway corporations, 
mechanical engineers for manufacturers, and hy- 
dro-electrical engineers for water companies, 
these institutions are neglecting to train men for 
the engineering work of the farm and the 
country. The movement in that direction dates 
back but a few years, and as yet only one of the 
67 institutions, the Iowa State College, offers a 


FIG. 3. 
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supplies, farm sanitation, and farm structur>+s 
are for the most part overlooked. 

An engineering course combining the course 
of farm machinery and farm motors as now 
given in the University of Nebraska and the 
Iowa Agricultural College, of irrigation as now 
given in the University of California and the 
Agricultural College of Colorado, of rural archi- 
tecture and cement work as given in the Univer- 
sity of Wisconsin, and of highway engineering as 
taught in the University of Kentucky, is in large 
degree lacking. That there is an urgent need 
for better and more general training for the en- 
gineering work of the farm and the country is 
evidenced by the large interests represented, and 
the relation of the subject to the health and 
comfort of country living and the business side of 
farming. 

According to the report of the Secretary of 
Agriculture the crops of corn, cotton, wheat, and 
oats for the past season aggregate a value of 
nearly three and one-half billion dollars. All 
four are annual crops requiring the preparation 
of the soil and subsequent operations of seeding, 
cultivating, harvesting, and marketing. An at- 
tempt to estimate the large number of imple- 
ments, machines, and motors required for a task 
of this magnitude brings some realization of 


DREDGE BACKING THROUGH THE BRIDGE, TO REPLACE SPAN AFTER PASSING 


(12.05 P. M.). 


degree in agricultural engineering. Depart- 
ments of agricultural engineering and of farm 
mechanics have now been provided in about a 
dozen of the agricultural colleges, and the men 
in charge of these departments are illustrating 
by their work the importance of this subject as 
a branch of agricultural education. As yet, how- 
ever, much remains to be done in the way of ad- 
equate provision for this subject and in a broader 
realization of its importance. 

Agricultural engineering as a teaching subject 
may be divided into six branches, three of which 
relate to the farm and three to agricultural com- 
munities. These are: (1) farm machinery and 
farm motors, (2) farm structures, including rural 
architecture, (3) rural water-supplies and sani- 
tation, (4) public roads, (5) drainage, and (6) ir- 
rigation. One or more of these divisions is now 
taught in most of the land-grant colleges, but 
with a few exceptions they are mainly side is- 
sues to what is considered the more important 
work of training men to become professional en- 
gineers. The institutions of this class located in 
the West give instruction in irrigation as a part 
of the civil engineering course; those of the 
Mississippi Valley offer courses in farm machin- 
ery and farm motors, while the subject of roads 
and pavements is included in a large number of 
engineering courses, but chiefly from the stand- 
point of the municipal engineer. Rural water- 


*Condensed from an editorial discussion in the 


U. S. “Experiment Station Record” (February, 
1911), U. S. Department of Agriculture. 


what is annually expended by American farm- 
ers in the purchase and maintenance of this 
necessary equipment. The census of 1900 placed 
the value of farm implements and machinery at 
$761,000,000, and the annual expenditures for new 
equipment and new machines at over one hun- 
dred million. This was ten years ago and since 
then not only the number of implements and ma- 
chines but more particularly the number of mo- 
tors has been greatly increased. 

The simple inexpensive implements used by 
our fathers have been for the most part replaced 
by more complicated and more expensive ma- 
chines. Out of the hanc flail of the fifties has 
been evolved the steam thresher of to-day. The 
modern harvester does the work of a large num- 
ber of men, women and children equipped only 
with the sickle; and motors, trolley cars, and 
railroads have relegated the saddlebags to the 
museum. These great changes during the life- 
time of men still living, and more particularly 
the substitution during the past decade of mo- 
tors for horses and mules, have created a wide- 
spread demand for young men possessing a 
knowledge of agricultural machines and the 
principles which underlie their construction and 
use. Studies of this subject are now as essen- 
tial to the ambitious farm boy as anatomy is to 
the embryo doctor. The simple arts of mend- 
ing a flail, whetting a scythe, or harnessing a 
team have grown into a complicated business 
demanding not only experience and skill but spe- 
cial training as well. 
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Nearly fifty years ago the Nation pr 
instruction of a kind suitable to th, 
girls on the farm, but the millions of ; 
signed farm homes which still mar th. 
are mute evidences that the instructio; 
not include rural architecture. The im; 
in farm buildings so urgently needed 
call for money so much as a knowleds 
to do things. Out of the same mat: 
with very little extra labor, may be by 
ant, convenient, healthy, and durabh}: 
residence, or the reverse. The mai; 
is one of plan and execution. 

Some colleges now give instructio; 
architecture, others in farm archit: 
still others in cement and concret¢ 
courses too often deal with urban ; 
rural conditions. Undergraduates who 
to design and supervise the erection 
tial homes of the rich find the cit 
suburbs the most convenient place tv 
their profession. The contrast betwee, 
urban residences is still more strong 
sized in relation to the water-supplies 
tation of each. Skilled engineers ar: 
to provide an ample supply of water 
and equally skilled biologists determin 
ity, while but little attention is give; 
water-supplies and sanitation. 

Farmers procure water for their n 
the same sources which supply water t 
idents of cities. These are springs, wells 
terns, reservoirs, lakes, and rivers; but t 
ing and experience necessary to utilize sy 
sources for the benefit of the one ,class differ j 
many essentials from those of the other. The 
civil engineer may succeed in building a dis- 
tributing reservoir for a city and yet fail! in his 
effort to build a cistern for a farmer. His com- 
putations for a high water tower may be correct 
and those for a*‘windmill wholly wrong in prin- 
ciple. It is true both belong to hydraulic engi- 
neering; but so long as engineers are trained to 
solve the problems of the city and to neglect 
those of the country, we need not expect a hig! 
class of engineering on the farm. 

Western farmers deserve great credit for the 
lands they have reclaimed, but their task is not 
completed. So great is the waste of water at 
present that from 50 to 100% more land might 
be reclaimed if the waste waters were saved and 
utilized. It is, however, doubtful if the farmers 
will accomplish this reform by their unaided ef- 
forts. They have gone about as far as they can 
without the assistance and supervision of th 
trained specialist. 

All over the irrigated West, from every district 
and from nearly every farm, and also from the 
drought-stricken states of the East and Middle 
East, comes the call for help. How shal! I line 
my ditch to prevent loss from seepage; how 
much water is needed for this and that crop, and 
when should it be applied; how shal! I prepare 
my fields so that the ditch water wil! moisten 
the soil uniformly; and what is the most suita- 
ble device for measuring water? In other in- 
stances information is wanted on the construc- 
tion of reservoirs and tanks, the installation of 
pumps, the erection of windmills, and the drain- 
age of seeped lands. 


These calls for help come with every mail te 
both the Department of Agriculture and the a¢- 
ricultural colleges and experiment stations. Even 
in the West only a few of the agricultural col- 
leges maintain strong departments in irrigation 
commensurate with the importance of the sub- 
ject and its efficient investigation. 


Taken as a whole, the land-grant colleges may 
be said to have expended little effort or money in 
training specialists for engineering work of 4&- 
ricultural communities. This is perhaps no 
strange, for in the past the demand for engineers 
has been largely in connection with municipal 
and development work. But the present interest 
in agricultural development, in making land 
more efficient in production, and in the improve 
ment of rural conditions in a variety of direc- 
tions, has opened the way for the agricultural 
engineer and calls for the adequate dev: lopment 
of the subfect at the agricultural colleges. T 
field is broadening year by year, and !n many 
cases is already being occupied by men who have 
had no contact with agricultural conditions ° 
problems. 


Unless the curricula of the engineering courses 
of these institutions are modified there is certain 
to be overcrowding in the older branches of the 
engineering profession. Meanwhile prosress a 
agriculture and the improvement of rural dis- 
tricts are being immedsurably retarded through 
the lack of competent agricultural engineers. 
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Electrically Driven Pumping Plant for mediate ounnen of Caneene: and Berkeley . — power ae of the gee is uniform 
through branch mains and, in addition, a part and continuous throughout the day and night, 
M ay Woter Supply at Oakland, Cal. of the Linda Vista district. At night, the pres- and is supplied from a three-phase, four-wire, 
py GASKELL 8. JACOBS.* sure is high, and the water flows directly to the 4,000-volt line from the Temescal sub-station of 
4 notable stallation of electrically driven tur- reservoir; during the day, however, the pressure the Oakland Gas, Light & Heat Co. It is con- 
os pumps has recently been made at the new’ at the pumps is reduced due to the use of water nected through an underground conduit and an 
casas pumping plant of the People’s Water along the line, and the supply is then furnished 11,000-volt oil station switch to a bank of three 
a 40th and Diamond Sts., Oakland, Cal. In from both ends of the main. The pumps respond 125-KW. transformers placed within the build- 
147, to meet the demands of water-supply in easily to these variations in pressure and de- ing and stepping down to 440 volts for the mo- 
a rapidly ‘rowing districts of North Oakland livery and are so designed as to keep approxi- tors. These transformers are supplied with 220- 
ual Berkeley and to supplement the Berkeley mately constant full load on the motors without volt taps for starting the motors, thus obviating 

eypplies, @ am driven reciprocating pumping a reduction in efficiency.* the use of starting compensators. 

0 of about six million gallons daily capacity The water flows from the mains supplied by The switchboard. shown in the illustration 
a installed in this locality. This temporary’ the principal pumping station at a lower level herewith, consists of five slate panels, one for 
plant showed considerable deterioration, and as’ into a covered sump 20 ft. in diameter and 7 ft. the station switch and meters and the four re- 
a requirements of the district became more _ deep at the rear of the building. An electrically maining for the triple-pole double-throw oil 
aefinitely established, it was decided to abandon operated high and low water alarm is provided. switches. These switches are provided with 
an dome the steam plant and install a per- From the sump the water flows through a tun- overload and no-voltage releases and are inter- 
manent booster plant in its place. Since satis- mel under the building, in which are the pits for locked, being used to throw over the motors 
actory arrangements for a dependable supply of the suction pipes which pass through openings from the starting to running voltage. All th: 
crs power could be made at a low price, a in the floor ‘above. A 12-in. tile drain leading to bus bars, wiring, current and potential trans- 
ynsideration of the low first cost of an electric a nearby storm sewer carries the overflow from formers for meters, high tension feeders and 
nlant, its smaller attendance charges, mainten- the tunnel. switchboard panels are carried on a pipe frame, 
a » and depreciation resulted in the decision to An interior view of the station is shown in the which also serves as a railing enclosure for the 
transformers and switchboard apparatus All 


MOTOR-DRIVEN TURBINE PUMPING STATION 


nstall an electrically operated station. The sub- 
sequent performance and reduced operating costs 
of the plant, which has been running since June 


1, 1911, have confirmed the wisdom of this de- 
a- cision, 












in- The plant is located on the east side of Diamond 
a St, south of 40th, opposite the old steam sta- 
a. Hon, at an elevation of about 83 ft. The plant is 
housed in an ample, well-lighted building 30 x 44 
” ft in plan. The walls, 18 ft. high, are of rein- 
a forced concrete, with a steel roof structure and 
ren ‘oncrete slab roof and floors. The walls are fin- 
ol- ished inside and out with cement plaster. At 
ion night the station is lighted by six clusters of 60- 
ub- Watt tungsten lamps, three lamps in each cluster. 
A small room containing lockers, stores and con- 
nay veniences is partitioned off at a rear corner of 
yin the building. 
pet The present installation provides for « pump- 
a fe capacity of 6,000,000 gals. daily under a vari- 
pal a head of from 220 to 286 ft. There are now 
rent ‘ree units, but space is left for a fourth similar 
and ror which will make the ultimate capacity §8,- 
yve- 0 gals. per day as a provision for future 
rec- a in consumption. The supply is taken 
aa “om a 16-in. main on 40th St. into which are 
Thi pe the ends of the net work of the dis- 
ons ene P:pes of the city of Oakland, and is car- 
sav a me the station through two 10-in. intake 
— vee with regulating gates operated inside the 
ron n » discharge main, 16 ins. in diameter 
ses sade over 15.000 ft. long, runs out Broadway, 
tain oo - ‘e, and Webster St. to Claremont 
the aoe ‘uated at an elevation of 295 ft. 
‘ast oe a the pumps), supplying the inter- 
ugh Co "Formerly ssistant Engineer, People’s Water 
: ley, Cal. ; now of 2327 Cedar St., Berke- 









FOR BOOSTER SERVICE AT OAKLAND, CAL. 


accompanying illustration. There are three 8-in., 
two-stage, horizontal turbine pumps running at a 
speed of 1,780 r. p. m., direct-connected by flexible 
leather-link couplings to 440-volt three-phase in- 
duction motors rated at 150.HP. each. The pumps 
are fitted with ring-rolling bearings, water-sealed 
stuffing boxes, enclosed non-overloading runners, 
renewable diffusion vanes and adjustable thrust 
balance. They are primed by direct pressure from 
the mains, the suctions being provided with foot 
valves. The discharge pressure varies from 95 
to 120 lbs. per sq. in., and the suction lift aver- 
ages 9 ft. with a delivery of 1,800 to 1,400 gals. 
per minute, over which range a pump efficiency 
of better than 70% is maintained. The induc- 
tion motors have squirrel-cage windings and en- 
closed frames, with ventilating fan blades at- 
tached to rotor. Their normal full-load power 
factor is 96%, and under the stéady full load 
they show a high efficiency. They are mounted 
on the extended base plates of the pumps. 


The operation of the station is noticeable for 
its smoothness, uniformity and the absence of 
all shock and disturbance in the discharge main. 
Each pump discharge is fitted with check and 
gate valves and long sweep fittings connect them 
to the 16-in. discharge header. These gates are 
not manipulated while the pumps are running, 
as the pumps automatically respond to all 
changes of pressure and delivery. The intakes 
and discharge mains are regulated by a group 
of valves set in a pit at the front of the building 
and operated from wheel stands above. In full 
view of the operator at the wheels are placed 
the indicating gages mounted on a slate panel. 








*See article on “Development of Centrifugal 
Pumps,” Eng. News, Nov. 11, 1909, p. 505. 


conduits for wires supplying light 
concealed 
and all 


and power are 
in the walls and floor of the 
small water pipes for station 
pump priming are buried in the 
The drains from the pumps discharge 
vitrified conduit under the 
the overflow. The 
ductor lead-covered cables 
under the floor from the switches back of the 
switchboard to the motor terminals, both ends 
being provided with porcelain outlet bushings. 


the 


building, 
ind 
floor. 
into a 
floor connecting with 
leads are 
running in conduits 


use 


concrete 


motor three-con- 


To measure, 
from the 
in the 
building. 
to an 


indicate and register 
16 8-in. Venturi meter is 
discharge line just outside the 
The pressure pipes from the meter run 
automatic indicator and recorder mounted 
at the end of the main switchboard. 
is equipped with pressure and vacuum gages 
The output is measured by recording 
pressure gages and the recording Venturi meter, 
while the switchboard instruments account for 
all the power consumed, so that the performance 
of the station at all times is definitely known. 

The pumps were furnished by the 
son Iron Works, of San Francisco, 
switches, switchboard, motors, 
other electrical equipment supplied by the 
General Electric Co. The complete design and 
plans for the station, the pumping and electrica! 
equipment, construction of the building and in- 
stallation of the machinery were in charge of the 
writer as Assistant Engineer of the 
Water Co. 


delivery 
pumps, a 


set main 


Each pump 


station 


Byron Jack- 
and the 


transformers and 


Cal., 


were 


People’s 
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The Vertical-lift Drawbridge, with the span 
raised and lowered between towers on either side 
is being used in a number of cases for both 
railway and highway structures. A bridge over 
the Missouri at Kansas City, where only a low 
headway is required, has a 428-ft. fixed span over 
the channel, from which the railway deck is sus- 
pended. When boats approach, this deck is raised 
by cables to the level of the bottom chord of the 
fixed span, giving a clear headway of 65 ft. At 
Portland, Ore., a 220-ft. through truss span car- 
ries the railway on its lower deck (level with 
the top chord of the approach spans), and from 
it is suspended a highway déewk. For small ves- 
sels, the highway deck is raised to the bottom 
chord of the truss; but for large vessels with 
tall masts the truss also is raised between the 
towers. Three railway bridges of this type are 
to be built over the Calumet River at South Chi- 
cago; one is a four-track bridge for the Lake 
Shore & Michigan Southern Ry. and the others 
are two double-track bridges (side by side) for 
the Pennsylvania R. R. These are all skew sparis 
210 ft. long, with a clear waterway of 140 ft. and 
a vertical lift of 120 ft. above water level. The 
substructures will be concrete piers resting on 
bed rock. The plans for these bridges are being 
prepared by Waddell & Harrington, consulting 
engineers, of Kansas City, Mo., who also designed 
the other bridges above mentioned. The Halsted 
St. bridge at Chicago was one of the first large 
bridges of this type. and was designed by Mr. 
J. A. l. Waddell, M. Am. Soc. C. E. This was 
bullt in 1894. 
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A Remarkable Concrete Arch Dam. 


A 60-ft. plain concrete arch dam, only 5.2 ft. 
thick at the base, has been built on Crowley 
Creek, Malheur County, Oregon. The dam is 
owned by the Malheur Live Stock Land Co. 
and was designed by Mr. A. J. Wiley, M. Am. 
Soc. C. E., of Boise, Idaho, to whom we are in- 
debted for the plans and data here given. 

At the dam site the creek valley is contracted 
by lava walls to a width of about 35 ft. at the 
bottom, and 125 ft. at a height of 60 ft. The 
entire cross-section of the valley, shown in the 


x 
Q 
3 


Elevation Looking Downstream. 


FIG. 1. 
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The maximum height of the dam was made 
60 ft. above bed rock. The thickness at the 
base is 5.2 ft., and at the top 3 ft. The thick- 
ness continues as 3 ft. to a point 30 ft. below 
the top where it gradually increases to the full 
thickness at the base. The upstream face is 
vertical, all the batter being placed on the down- 
stream side. The dam is 150 ft. long on the 
crest and 170 ft. long over all. At the base the 
length is about 40 ft. 

To protect the toe of the dam from the impact 
of the water passing over its crest, a second 
lower dam concentric with the first was built. 
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PLAN AND ELEVATION AND CROSS-SECTION OF THE CROWLEY CREEK 


CONCRETE ARCH DAM, MALHEUR COUNTY, OREGON. 


accompanying cut, is in hard lava rock. The 
dam site is 85 miles from the nearest railway. 
The dam is built of gravel concrete without 
reinforcement of any kind. The cement used 
was an imported English brand and was mixed 
in the proportion of one barrel of cement to a 


FIG. 2. VIEW OF CROWLEY CREEK CONCRETE ARCH DAM, WITH 
CONSTRUCTION STAGING IN PLACE. 


cubic yard of concrete. The dam contains 800 
cu. yds. of concrete and cost about $12,000. 

In designing the dam it was assumed that the 
entire water pressure would be transmitted hori- 
zontally through the arch to the abutments, the 
weight of the dam being neglected. The maxi- 
mum allowable compressive stress upon the con- 
crete was taken at 25 tons per square foot. The 
dam was designed as a vertical cylinder sub- 
jected to external water pressure, and the thick- 
ness of the arch rings at various depths com- 
puted by Navier’s formula, The radius of its 
upstream face is 70 ft. 


This lower dam is 10 ft. high and is located 55 
ft. below the main dam, with its upstream face 
on a radius of 35 ft. Its thickness is 3 ft. This 
dam forms a water cushion between the two 
dams to protect the base of the main dam from 
erosion by the falling water. 
The outlet of the reser- 
voir is through two 12- 


in. cast-iron pipes, 15 ft. above the base of the 
dam. These pipes are cast into the concrete and 
are fitted on their downstream ends with high- 
pressure water-works valves. The valves are 
protected from the falling water and made ac- 
cessible by a concrete dome. The upstream 
ends of the pipes are protected by a grillage of 
timber. 

The dam has now been in successful operation 
for several years, and has been subjected to 
overflows to the depth of 2 ft.. for long periods 
of time. Heavy ice-flows have also occurred. 
The water stored is used for irrigation purposes. 
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For some time after the completion 
the reservoir leaked badly through 
the rock sides, but these have grad 
and the reservoir is now reasonably 

-_oOoOoO 


Ultra-Violet Ray Purification of Wa; 
reported on by Messrs. Grimm and 
the Royal Institute of Tests for tic 
of Potable Water and Disposal of S-\ 
in Berlin, in the July, 1911, issue of “1 
Sanitaire et Municipal.” These inves: 
an extensive study of a small uit 
unit, under service conditions, and 
statements of the degree of steriliza: 
be produced in waters of various deg: f polly. 
tion. The report is chiefly remarkab the very 
low effectiveness in output of the me! 4 ang the 
high cost shown by the experiments previous 
reports (Eng. News, Sept. 15, 1910, ; 5; Dee & 
1910, p. 633), on this method of steri n, it has 
been stated that an ordinary 220-vo) Amp. ma- 
chine could sterilize about 160,000 ¢ f ordin. 
arily polluted water in 24 hrs. at a « if aheit 
$10 per million gals. Messrs. Grimm 4.1 Welder 
found that a machine working with 1°) volts, ; 
amp., could produce only 3,000 gals. per 24 hrs 
at a cost of $10 per 34,600 gals. This difference js 
so great that it would seem that the onits oper- 
ated by Messrs. Grimm and Welder! were not 
working up to their full efficiency : 
apparatus was not of the best type. 
menters report, however, that the deg 
lization possible with the apparatus i 
fect and that except for the high cost | 
is most effective. 

——————_o— — 

Steel Motor Cars are being equipped by the 
Pennsylvania R. R. for the rapid-transit line 
which that company will operate between New 
ark, N. J., and the Hudson Terminal Building 
New York City, entering that city over the lin 
of the Hudson & Manhattan R. R. (McAdoo Tun- 
nels). These cars are smaller than the cars of 
the Pennsylvania R. R. operated over the main 
line to the 34th St. terminal, being 48 ft. long 
over ends and 11 ft. 8% ins. high from top of 
rail to top of roof. The widths are (1) over eaves 
8 ft. 74/% ins., (2) over side door threshold plates 
8 ft. 10% ins. Center and end doors are used with 
pneumatic operating gear and electric door signals 
The body center girder is a box type 6% ins 
deep over trucks and 9% ins. at the center, hav- 
ing an area of 25 sq. ins. cross-section compared 
with 33% sq. ins. for light suburban passenger 
cars on steam service. The top cover plate is 
2 ft. 6 ins. wide and the bottom 1 ft. 10 ins. The 
superstructure is carried on two cross bearers 
and two end sills. The main strength of the side 
framing is below the windows. 

Bach truck has one motor and one trailer axle 
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FIG. 3. VIEW OF DAM AFTER COMPLETION. 
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center toward the trailer. The motor 
HP. 600-volt commutating-pole 4’: t-current 
type. The gear is carried on the extenied hub of 
one wheel. The motor frame carries two lugs 
front resting on the truck transom; t! ixle bear- 
ing caps are bolted to vertically plan: tongued 
surfaces on the truck frame. T! air-brake 
equipment is like that used by this 
arranged to bear harder on the mo 
the trailing axle. Multiple-unit ¢ 
four positions ahead and two revers 
tactors being umder the floor. F: 

lighting a small orage battery 

The car weighs 72,500 Ibs. 
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—— 
‘on of the 350-Mile 30-in. Cool- 
Th cree! Pipe Line, Western Australia. 


The 30-in. oolgardie steel water-supply main, 
nich with the aid of eight pumping stations 
mis water 301% miles, with a total maximum 


ve of 1.200 ‘t» to supply the Coolgardie Gold- 
<A in Western Australia, gave evidence of 
Saal only two years after the conduit was 
- full operation and seven years after construc- 
= ‘ait star‘ed. Studies of the corrosion were 
aot itely (1905) and were continued by, 


begun immed 

engineers al | chemists, both local and British, 
patil 1910, when the final recommendations for 
dealing with the corrosion were put under ex- 
ecution. Before this, however, the worst por- 
tions of the corroded pipe were overhauled. The 


various reports on this interesting problem were 
published in pamphlet form some months since. 
We are indebted to Mr. W. C. Reynoldson, Chief 
Engineer Goldfields Water Supply, Perth, West- 
em Australia, for a copy of the pamphlet. The 
gllowing information on the corrosion of the 
conduit and related subjects has been collated 
from the various reports mentioned and has been 
rearranged to bring the related parts more closely 
together than the chronological order of the re- 
ports permitted in the original. 


General Description of Conduit. 

The water supplied by the Coolgardie conduit 
is from the Helena River, in the Darling Ranges, 
and is impounded in a reservoir of about 5,500,- 
000,000 U. S. gals. located some 18 miles from 
Perth, which is not far from the Indian Ocean. 
The river has a drainage area of 569 sq. mi. 
above the reservoir. 

The frst pumping station draws from the im- 
pounding reservoir and the others draw water 
from tanks into which the water is delivered 
through bellmouth pipes, with the discharge at 
the surface level. This mode of delivery, com- 
bined with other features of the pipe line and 
accessories, affords ready means for keeping the 
water in the pipe charged with air, a fact taken 
into consideration throughout the various re- 
ports. 

The first receiving and suction tank has a 
capacity of about 560,000 U. S. gals.; the second, 
12,000,000; the next five, 1,200,000 gals. each. 
The eighth pumping station delivers water into 
a 14,400,000-gal. (U. §&.) service reservoir, 1,290 
ft. above the lowest outlet pipe of the impound- 
ing reservoir and 307% miles therefrom or 306 
miles from the first pumping station, which is 
14 miles from the impounding reservoir. Water 
flows by gravity through the remaining 44 miles 
of the pipe line, on which there is a 1,200,000 and 
also a 2,400,000-gal. (U. S.) service reservoir. It 
will be noted that the receiving and service 
reservoirs afford very little reserve capacity, 
thus making the integrity of the pipe line of un- 
usual importance. It should also be noted, as 
Mr. Reynoldson points out, that so long a pipe 
line might be kept out of service a large per- 
centage of the time even though the breaks per 
unit of time and length of conduit were not ex- 
cessive, since a break at almost any point would 
throw the whole line out of service until repairs 
Were made. In fact, Mr. Reynoldson states that 
“one break a week in rotation on each section 
between No. 3 Station and Kalgoorlie would prac- 
tically mean that no water could be passed 
through.” 


Perhaps it should be explained that while the 
report states that 


a is distributed to the various townships en 

veins’ and to ae centers from service reser- 

ecunted te an considerable area of agricultural 
a & a 


main ae supplied by branch lines from the 


_ it appears that the bulk of the whole supply 
—e near the extreme end of the line. 
us, for the year ending October, 1908, the 


ae daily pumpage was about 3,000,000 U. 8. 
nce a n No. 1, 2,400,000 at Station No. 6 
ae 2085 An es from the impounding reservoir), 
The watt, U. 8. gals at Station No. 8. 
hm ie ost Of the Coolgardie water-supply 
ot nt sees Was £8,260,000 ($15,844,000), 


~.140,000 ($10,400,000) was for the 
Reel conduit 


The steel conduit is composed of \%-in. plates 
where under a head of not more than 390 ft. 
and of 5/16-in. plates where over that head. The 
longitudinal joints are of the locking-bar type 
and the circumferential joints were made with 
welded steel collars, calked with lead from face 
to face of collar. The plates and bars were im- 
ported into Western Australia and there made 
into pipe. Open-hearth basic steel was used, 
with a tensile strength of 25 to 29 (long) tons 
(56,000 to 64,960 Ibs.) per sq. in. for the plates 
and 22 to 26 tons (49,280 to 58,240 Ibs.) for the 
bars. Continuing in Mr. Reynoldson’s own 
words, as given in his “General Description of 
the Work”: 


The manufacture of the pipes, including the cut- 
ting, dovetailing and rolling of the plates and the 
closing of the locking bars on to the plates, was 
carried out without heating either the plates or 
the locking bars. 

Every care was taken to thoroughly cleanse the 
plates of all mill scale, the bulk of which was 
detached by the process of bending and rolling, 
and the remainder by steel wire brushes. 

The completed pipes were tested by water pres- 
sure of 400 lbs. per sq. in. and, on passing this 
test satisfactorily, were heated to 300° F. and im- 
mersed in a mixture of coal tar and Trinidad 
asphaltum maintained at the boiling temperature 
of the mixture. [A different material was used 
for coating 85 miles of the line, as stated further 
on.] 

On removal from the dip the pipes were drained 
and then revolved in a horizontal position by a 
machine to ensure a uniform thickness of coat- 
ing. To accelerate the cooling a current of air 
was blown through the pipe while rotating. 

For the purpose of making the coating more 
resistant to flowing under the sun’s heat, a sprink- 
ling of fine sand was thrown over the outside of 
the coating when it had become nearly set and 
lightly pressed into its surface by means of roll- 
ers. ‘ 

The pipes were conveyed from the factory by 
railway and distributed along the route, which, 
for the most part, lies adjacent to the railway line 
to the Eastern Goldfields. 

Care was taken in loading, transporting, and 
distributing to protect the coating from damage 
as far as possible and, immediately before being 
placed in the trench, any defective parts were 
made good with a mixture of tar and asphalt ap- 
plied hot.* 

For the greater part of its length the main is 
buried and has a covering of earth, about 2 ft. 3 
ins. in thickness, above the top of the pipe. Where 
the pipe line crosses the salt lakes it is carried 
on wooden trestles and is surrounded by an in- 
sulation of sawdust to a thickness of about 9 ins. 
held in place by a galvanized casing. 

Water was first admitted to the main in April, 
1902, and the charging went ahead as each sec- 
tion of the main was completed, the water finally 
reaching Kalgoorlie in January, 1903. 

From tests made on the carrying capacity of 
the main in September, 1903, the friction head per 
mile when delivering 5,600,000 gals. [6,720,000 U. 
S. gals.] per 24 hrs. was found to be 2.85 ft. 


The coal tar was added to the crude Trinidad 
asphalt to bring it to the desired consistency. 
The temperatures ranged from below freezing 
to 170° F. To prevent brittleness at the lower 
temperatures the coating was made so soft that 
without the sand already mentioned it would run 


at the higher temperatures. Quoting again from 
Mr. Reynoldson: 


It is admitted that sanding is not desirable, and 
my own opinion is that soft —— owing to 
their liability to flow, are not so good or so re- 
liable as the hard coatings. In fact, I consider 
hard coatings better than soft, as they are denser 
and more durable and have a better contact with 
the metal. These advantages more than offset the 
small amount of flaking experienced whilst han- 
dling the hard coatings. oreover, with hard 
coatings any thickness can be obtained by repeat- 
ed dippings, whereas thick soft coatings are al- 
wage likely to flow. By reducing the asphaltum 
and increasing. the tar, any required degree of 
hardness can be obtained by boiling. 


Not all the pipe was treated with asphalt and 
tar. About 85 miles were coated with 2% parts 


of “Trinidad bitumen” (evidently crude Trinidad 
asphalt) and “one part of liquid S. California 





*At another point in the report it is stated that: 
“The special truck cradles on which the pipe 
rested were cushioned with bagging, and the pipes 
were kept from coming in contact with each other 
during transport by rope bolsters, and the skids 
down which the pipes were lowered from the 
trucks had their ends protected with rawhide.” 


maltha, which had been applied to a 6-ft. steel 
main made by G. & C. Hoskins for the Sydney 
Water Supply”—which firm also had the con- 
tract for a part of the Coolgardie pipe line 
When 85 miles of the pipe on the Hoskins con- 
tract had been laid “it was found that the coat- 
ing of the earlier-made pipes was showing con- 
ditions of perishing,” and the use of the bitumen 
and maltha was discontinued. The other con- 
tract was let to Mr. Mephon Ferguson, who used 
the asphalt and the coating already described. 


Sand, it appears, was rolled into all the coating 
on both contracts. 


Nature and Extent of Corrosion. 

The progress of the corrosion of the pipe is not 
set forth in much detail’ in the various reports 
before us. 

EXTERNAL CORROSION.—Of this Mr 
noldson says: 


Rey- 


External pitting of the pipe was first noticed 
early in March, 1905. In June, 1905, or 2% years 
after laying [or being put in service] a rust hole 
occurred in a depression in a clay flat which, on 
examination, was found to have been caused by 
external pitting. Immediately this was discovered 
steps were at once taken to arrest further dam- 
age. A preliminary examination of the main was 
made at all low points throughout its length, and 
wherever pitting was found, the pire was uncov- 
ered, the old coating scraped off, and then re- 
coated. 

It will be remembered that water was first ad- 
mitted to the conduit in April, 1902, and reached 
the further end in January, 1903. Most of the 
pipe was distributed and left above ground from 
12 to 24 months before it was laid, that at the 
end furthest from the impounding reservoir hav- 
ing been alongside the trench the greatest length 
of time. This, Mr. Reynoldson thinks, had little 
or nothing to do with the corrosion. 

Between June, 1905, and November, 1908, 151 
leaks occurred, or one to each seven miles of 
pipe per year. Comparing this with the 143 
leaks on the steel main of Rochester, N. Y., to 
the end of 1907 (nearly one per mile per year), 
Mr. Reynoldson says 
it would therefore appear that, although corrosion 
started at an earlier date in the Coolgardie than 
in the Rochester main, its extent has not been as 
general. 

To April 6, 1909, there had not been “one 
perforation of the pipe resulting from interior 
corrosion” (but there had been serious interior 
tuberculation, as will appear later). 

As already intimated, the external corrosion is 
worst in low wet clayey places. The bad effect 
of moisture is strikingly illustrated at a point 
where a boiler blow-off drain kept the earth 
moist along the pipe. Here not less than 80% of 
the pitting ‘‘was found to be on the side of the 
pipe nearest the drain, where the surrounding 
soil (red loamy clay) contains more moisture 
than the soil on the side furthest from the 
drain.” 

INTERNAL CORROSION AND TUBERCULA- 
TION.—The possibility of internal corrosion or 
tuberculation was first thought of early in 1906, 
owing to the increased pumping head at Station 
No. 7. This increase was at first laid “to ac- 
cumulation of deposits” at low points in the con- 
duit, due, in turn to the (temporary?) omission 
of scour valves in this section. Up to 1906 the 
pumping head had increased but slightly on the 
other sections of the force main, while the three 
or four pieces of defective pipe thus far removed 
(all in other sections) 
were found to be in very good condition, being 
almost wholly free from tuberculation, but it was 
noticed in some instances that small tubercles had 
formed at points along the line traversed by the 
wheels of the expander used in the operation of 
making lead joints. 

A friction test in this section of the main was 
made in October to December, 1906, and “showed 
that a considerable increase in friction through 
this section had taken place since the main was 
laid. Subsequently the whole main Was tested 
in like manner, and the test was repeated in the 
middle and latter part of 1908. The reduction 
in carrying capacity in the section of conduit 
beginning at No. 7 station was 40% (after about 
five years). At this time, however, the gravity 
section next below No. 8 station showed a re- 
duction of 44% and the one next below that of 
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53%. The reductions in other sections ranged 
from 12 to 31%. All of the poorest results were 
in sections having high percentages of their 
lengths treated with the maltha coating already 
mentioned. 


Further information regarding internal cor- 
rosion or tuberculation, from Mr. Reynoldson’s 
report of Nov. 24, 1908, under the heading, 
“Probable Life of Main,” is as follows: 


An examination of a number of pipes which 
have been removed from various sections of the 
main shows conclusively that the increase in fric- 
tional resistance is a direct measure of the ex- 
tent of corrosion. 

On the section where friction is least tubercu- 
lation is least, and where friction is greatest 
tuberculation is also greatest. 

The tubercles are formed from the corroded 
metal, and consequently the larger the tubercle 
the greater the corrosion. 

Even under the smallest tubercles—those not 
larger than the size of peas—a small pitting of 
the metal is found. 

As the tubercle increases in size the pitting in- 
creases in depth and area, but there appears to be 
a critical depth, viz., about %-in., beyond which 
no further penetration takes place, but the cor- 
roded area keeps on extending until it merges 
into and becomes confluent with the corrosion 
under the surrounding tubercles. 

This depth is an extremely important factor in 
the life of the main, as it is anticipated that ulti- 
mate failure will result from isolated internal 
pittings and not from the weakening of the plate 
from general corrosion. 

Pittings of the plate to the depth of %-in. are 
quite common, but never in all the pipes person- 
ally examined or reported on by the district engi- 
neers has a greater depth than this been ob- 
served. 

Although this critical depth has not been spe- 
cifically commented upon in the literature on the 
subject, pittings to the depth of an eighth of an 
inch are frequently referred to, but it is rarely 
stated that pittings of a greater depth have been 
noted. 

The tubercles resemble mussels or limpets, and 
the majority grow with their length at right 
angles to the direction of the flow of the water 
and have steep upstream and sloping down- 
stream sides. The diminution in the carrying ca- 
pacity is not so much due to the reduction in 
the sectional area of the pipe as to the very great 
roughness caused by the arrangement of the 
tubercles. 

On Oct. 20, 1908, a pipe was removed on the 
section between Bulla Bulling and Coolgardie, 
where the reduction of the flow, due to tubercu- 
lation, is greatest. Nearly the whole of the bot- 
tom plate of this pipe was covered with tubercles 
and about 80% of that of the top plate. The 
largest of these tubercles did not project more 
than 1% ins. from the surface of the plate of the 
pipe, yet owing to the resistance to flow set up by 
the roughness, the carrying capacity of the pipe 
through this section was no greater than that of 
a 22-in. smooth, clean pipe.* 

There was ample evidence that the original 
coating (maltha mixture) of this pipe was very 
bad, and I consider its condition as regards tu- 
berculation and corrosion to be representative of 
the worst pipes throughout the full length of the 
main. A film covering about 30% of the whole 
surface of the bottom plate and 15% of that of 
the top plate of the pipe was eaten away by cor- 
rosion to a depth of about 1/64-in. with innumer- 
able isolated pittings reaching to a maximum 
depth of \%-in. 

Externally, although the coating was perished, 
the metal was free from corrosion and in excel- 
lent condition. The locking-bar joints were also 
in good ordér, and it is satisfactory to note that 
the joints of all other pipes which have been 
examined from time to time have also been found 
to be in fair order. 

As this was a new form of joint, a certain 
amount of anxiety was felt as to how it would 
stand the test of time. Up to date only two lock- 
ing-bar joint failures have occurred throughout 
the whole 352 miles of main comprising upwards 
of 120,000 joints. The evidence is that occasional 
failure of the locking-bar joint will occur, but 
that ultimate failure of the main will not result 
from inability of the locking bars to hold the 
plates together. 

The evidence of the Coolgardie main is fairly 
conclusive that ultimate failure, if corrosion be 


*Elsewhere in the report Mr. Reynoldson says: 
“It appears from my own personal observations 
and from all other evidence obtainable that the 
tubercles reach a maximum growth when they 
have attained a depth of from 1 to 1% ins.” 


not checked, will result from internal not ex- 
ternal corrosion, although the latter will be an 
assisting factor. It is to be expected that the 
number of external rust-hole penetrations will 
increase as time goes on, but the section of pipes 
attacked are confined to short lengths, and the 
pittings are localized and are under control and 
can, in the majority of cases, be repaired without 
stopping the pumps. 

Internal corrosion though slower than external 
is more uniform and insidious, and extends 
throughout the whole length of the main from 
the reservoir to Kalgoorlie, and it is to be ex- 
pected that after their first appearance rust holes 
will increase rapidly. 

The quantity of water which will be lost by 
leakage during the time which must necessarily 
elapse between the appearance of each individual 
leak and its repair, although small will, in con- 
sequence of the great number of leaks spread 
over such a long length of main, amount in the 
aggregate to a serious percentage of the total 
amount of water which can be passed through 
from the Helena Reservoir. 

When leakage is considered, the length of the 
main alone is the governing factor in the useful 
life of the main—5% loss of leakage on a twenty- 
mile section might not in itself be serious, but 
when extended to a main 350 miles long, it 
amounts to nearly 90% of the total quantity 
which can be pumped from the source of supply. 

When it is remembered that steel has only been 
used for water conduits for about 20 years, and 
the many uncertain factors entering into the sub- 
ject of corrosion of steel water mains, either 
dealt with or referred to in this report, it will 
be evident that the life of such mains can not be 
predicted with any great degree of accuracy. 

A close observation of the progress of corrosion 
of the Coolgardie main, together with a consid- 
eration of all the evidence bearing on the corro- 
sion of steel water mains generelly, leads me to 
the conclusion that, with efficient maintenance, it 
should be possible to keep the conduit serviceable 
for a further term of ten years without opening 
up, taking out, cleaning, recoating and relaying. 


Other statements regarding the tuberculation of 
the pipe are found in a report by Mr. E. A. 
Mann, Government Analyst of Western Aus- 
tralia, dated Nov. 25, 1908. Mr. Mann says: 


The tubercles are all alike in structure and 
character. It is found when one is removed that 
it covers at its center a pit in the metal varying 
in depth and extent. The extreme depth to which 
the pits have extended appears to be about \-in., 
and they seem to manifest a tendency to spread 
in a lateral direction. The entire area of cor- 
rosion is covered by a tubercle which has evi- 
dently formed from the metal dissolved from the 
eavity. A small drop of moisture is generally 
found in the depression under the center of the 
tubercle, and the latter immediately over this 
point exhibits a small core which is black in 
color, extending beyond this again outwards are 
layers of soft plastic material varying from a 
light yellow to reddish color forming excrescences 
sometimes of considerable size. 


The interior corrosion, Mr. Reynoldson states, 
“generally” begins “where the coating is thin- 


nest and where it first perishes.”” Again he 
says: 


* * * whole patches of the coating, both of 
the maltha mixture and also of the tar and Ditu- 
men [Trinidad asphalt] composition, but more 
particularly of the former, have undoubtedly com- 
pletely perished. Even where no corrosion has 
as yet occurred, the coating is undergoing decay. 
This decay starts from the water surface of the 
coating. 
7 . . * . * ” . 


Generally the cast-iron portions [valves and 
specials and Venturi meters?] are more tubercu- 
— and in a worse condition than the steel 
main. 


Cause of the Corrosion. 


Running through the many reports composing 
the pamphlet are various attempts to explain the 
cause of corrosion. These attempts range from 
casual remarks of one or two sentences to many 
paragraphs and from familiar causes to the latest 
electrolytic theories. They deal with the char- 
acter of the metal, its coating, the soil in which 
the conduit is laid and the water conveyed by 
the pipe. The coating has already been de- 
scribed, and it is evident that whatever the 
causes back of the failure, the coating did fail 
to do its work. There is little evidence as to the 
character of the metal, except that already 
given. Mr. Mann, in the report already quoted 
from, states that the pipe specifications did not 
extend beyond the tensile strength requirements. 
In another place Mr. Mann gives the composition 
of the steel as: carbon, 0.173%; phosphorus, 
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0.035; sulphur, 0.060; manganese, 
0.01. He adds that there is no ¢ 
that the impurities in the stee] « 
important factor in the case.” 
SOIL.—As early as April 6, 1905. 
Simpson, Government Mineralogist 
for Western Australia, reported o; 
ples of soil submitted to him by 
son. The origin of these soils in 
corrosion of the pipe is not stated 
As to the conditions under which : 
pipes in contact with soil may 
corrode’ Mr. Simpson stated: 
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The samples analyzed contained pn 
free acid. Their composition, as 1 
salts, was as follows: 


) Pyrites nor 


Zards sol bie 


Insoluble in water.... 
Calcium carbonate 
Calcium sulphate 
Magnesium sulphate 
Potassium sulphate 
Sodium sulphate 
Sodium nitrate 
Sodium chloride 


95.7749 
0260 
2049 
1847 
0063 
1285 
1614 

5142 


100,000 


100.0000 100.0000 


The only one of these salts mentioned in the 
report as liable to cause corrosion was sodium 
nitrate, ‘which, especially in conjunction with a 
soluble chloride, such as sodium chloride, rapidly 
attacks steel or iron.” This (sodium nitrate) 
was found in all three samples, but only in the 
third was the amount “worth considering.” Mr 
Mann stated that corrosion where this sample 
was taken “may be expected to be far more rapid 
than at the other places sampled,” but whether 
this was found to be true none of the reports 
state. 

Finally, Mr. Simpson suggested that where 
moisture prevails much may be done to protect 
the pipe by drainage and by protecting it from 
rain and preventing leakage, “especially in those 
sections where the nature of the soi! 
specially to assist corrosion.” 

In the following year (1906) Mr. Simpson made 
two reports on prevention of corrosion of the pipe 
line, in which he included a large additional num- 
ber (30 and 29, respectively) of soil analyses, stat- 
ing the condition of the pipe at the point where 
each sample was taken. He found the main con- 
stituents of the soil to be “quartz sand, clay and 
iron oxide in varying proportions.” He also 
found by experiments with samples of stev! from 
the pipe 


is such as 


(1) Rusting takes place in comparatively pure 
water containing little oxygen and carbonic acid 

(2) That the amount of rust formed is nearly 
double in the presence of a little common salt, 
sodium carbonate or a mixture of magnesium 
chloride and sodium nitrate; whilst it is consid- 
erably increased in the presence of a little cal- 
cium carbonate, chloride or sulphate, magnesium 
sulphate, sodium sulphate or nitrate. All these 
salts occur in the soils examined. 

(3) Water extracts of three soils where the 
pipes were said to be very bad yielded nearly 
double the amount of rust yielded by pure water. 


Mr. Simpson’s conclusions drawn from this 


set of soil analyses given in his report of June 6, 
1906, were: 


This table shows that the whole of the soils 
examined contained soluble salts varying in 
amount from 0.1 to 1.33%. Corrosion more 
less intense is therefore to be expecte:| at all the 
points from which the samples were (1 ken. The 
corrosion will be —— prevented the * 
phaltic covering where intact. Wherever it > 
oueen or scratched the pipe will be open to @ 
ack. 


The attack will vary with the moisture of the 
soil, the quantity and nature of the soluble salts 
in the soil (chlorides, sulphates and » ‘trates may 
be expected to have the most effect’), and te 
attack will increase with “lack of homogeneity 
of the steel.” © , 

In Mr. Simpsons report of Sept. 12. 1906, the 
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niet further omment on the effect of the soil 
chie 


on the pipe * is as follows: 
0 
: steel pipes is very considerably 
The eS -o'the soll in which they are laid 
shortene over (.1% of soluble salts, such as com- 
contalnt gypsum (calcium sulphate), ete. 
mon 5 = 


‘HARACTER OF WATER CARRIED BY THE 
oxDUIT.—There seems to be a general agree- 
ser throughout the reports that the properties 
m . 


f the river W ater carried by the conduit were 


such as to ca 
the coating had failed or been damaged. As the 


no single exposition of the char- 


report contains I 
cter of this water in relation to corrosion we 
cae together here various scattered references. 


vr. BE. S. Hume, Chief Mechanical Engineer, 
Western Australia Railways, in two reports on 
the use of reagents to prevent corrosion in loco- 
motive boilers from this and other Western Aus- 
tralia waters testifies to the bad character of the 
coolgardie supply as regards corrosive effects. 
commenting on analyses of sludge and scale 
from a boiler which had been supplied with water 
from the Coolgardie main he said: 

wt Stan be tone tO a Sl with the corrouive 


in {this] water, viz. magnesium chloride, 
body in Uiresent to the extent of nearly three 


grains per {Imp.] gal. 
Three analyses of this water accompanied Mr. 


Hume’s report, as follows: 


Grains per Imp. gal. 
Mar. ’07 -—June, '08—, 








aline chlorides or sodium 11.9 13:3 13.3 
en chloride ........ 2.32 2.98 2.32 
Magnesium carbonate ...... -237 .14 -72 
Calcium sulphate .....-+-+++- -987 trace trace 
Calcium carbonate ....--.--- -59 1.25 1.5 
Iron oxide and alumina..... a 38 38 
Re ie Oe ie | Oe 

Total solids ......ceeeeeee 21.7 21.0 21.0 
Total hardness, degrees..... 4.0 4.5 4.8 
Temporary hardness, degrees 9 1.4 2.4 


The samples in the first and third columns 
were from different stations; origin of other sam- 
ple not stated.—Ed. 


Mr. Reynoldson states in one of his reports 
that the Coolgardie supply contains more chloride 
of sodium 


than the water supplied to cities and towns gen- 
erally. This salt is, on the electrolysis theory, 
considered to be one of the most active agents of 
corrosion, 


Mr. Mann, in his reports, suggests that the cor- 
rosive quality of the water may be due 


not so much to the high proportion of corrosive 
salts, as to the absenee of protective “hardness. 


Another explanation offered by Mr. Mann is: 


The carbonic acid gas in the air (4 parts per 
10,000) is the principal agent in all the rusting 
of iron which takes place under ordinary atmos- 
pheric conditions. When air is dissolved in water 
this carbonic acid gas also passes into solution 
so that any water collected on the surface catch- 
ment, and therefore necessarily having a consid- 
erable proportion of air dissolved in it, also car- 
ries with it a certain amount of carbonic acid. 

The amount of air which will be dissolved by 
water varies of course with the pressure and 
‘temperature, and under the working heads found 
in the Goldfields Water Scheme main a very con- 
siderable amount of air (and especially of its car- 
bonic acid) must be held in solution by the 
water. Mr. Reynoldson has indeed informed me 
that at times the water issues from the pipes 
quite milky in appearance from the bubbles of 


liberated gas which are set free with the diminu- ’ 


tion in pressure. 


In the report of the British experts (mentioned 
more specifically later on) analyses are given of 
Water taken from (1) the impounding reservoir, 
(2) tank at Pumping Station No. 4 and (3) Mt. 
Charlotte Service Reservoir, Kalgoorlie, at the 
very end of the conduit, as follows: 


PARTS PER 100,000. 






1) 2 (3) 
Sodium chloride .......... oe 71 2889.49 
agnesium chloride ...... 5.15 5.54 5.46 
Calcium sulphate ........ 2.31 2.31 2.17 
alcium carbonate |...) 7! 0.57 0.66 0.78 
sin nesium carbonate..... 1.37 1.03 0.99 
; ev eenss ste .28 0.34 0.38 
WO ORs... see .02 0.04 0.02 
pineral Solids +02 $e me ahs 35.41 35.31 35.29 
Free carbonic acid (G0,):: 0.88 0.75 0.68 
ined acid (CO.)..... . 120 1.05 1.29 
Commenting on these figures the experts say: 
, The su ply is characterized by its containing 
chloride. at considerable pesper eee of sodium — 
carbonet and of magnesium chloride, while 
only. The va,.Present in minute quantity 
also small. free carbonic acid resent is 


it is to be expected that such 4 





use it to attack the steel wherever. 
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water should possess a more than usual corrosive 
action upon iron, and we found by direct experi- 
ment that it rusted steel more vigorously than 
London water, which contains 8.9 parts of com- 
bined carbonic acid, the relative activity upon 
steel being in the proportion of 2.38 to 1.72. 

THEORIES OF CORROSION.—The reports of 
both Messrs. Simpson and Mann, already men- 
tioned repeatedly, review various theories of cor- 
rosion, particularly the electrolytic theory, which 
is accepted by each. On the lack of homogeneity 
of steel in and its relation to corrosion Mr. 
Simpson says: 

In the case of mild steel of the nature used 
in these pipes the internal structure is found 
to be a main mass of “Ferrite” which is almost 
chemically pure iron, and embedded in this mass 
numerous small grains of “Cementite,” a carbide 
of iron (Fe;C), more or less regularly distributed 
In these two constituents of the steel plates we 
have the necessary poles and connections to form, 
when in contact with a solution of an electrolyte, 


. series of small batteries, each causing corro- 
sion. 


Ferrite is a highly electropositive substance 
and therefore dissolved with comparative rapidity. 
Cementite is more electronegative, and being also 
the cathode is but little affected by the action. 


Mr. Mann concluded: 


That the cause of the corrosion is electrolytic 
action accelerated by the presence of acid salts 
dissolved in the water, by carbonic acid dis- 
solved from the air, and by the absence of basic 
salts, especially those of lime generally occur- 
ring in waters in the form of temporary hardness. 

That the corrosion has appeared much sooner 
and in a more serious form than might have been 
expected through imperfections in the coating. 

There is not sufficient evidence to show whether 
the composition of the steel employed has been 
an important factor, but this point should not be 
= in considering the stability of iron struc- 
ures. 


The British experts (named further on) stated: 


Electrical experiments led us to the conclusion 
that the essential cause of the corrosive proper- 
ties on steel or iron of all waters is the dissolved 
oxygen which they contain. On removal of this 
oxygen the electrical action ceases. . 


Corrosion in Other Australian Pipe Lines. 


As throwing light on the subject the reports 
of the Western Australian officials make refer- 
ence to corrosion in other Australian pipe lines, 
cast iron as well as steel. 

Mr. Reynoldson gives data furnished him by 
Mr. Faulkner, Superintending Engineer of the 
Metropolitan Water Works Board, Perth, regard- 
ing a 21-in. riveted-steel main from Victoria 
Reservoir and also regarding a 12-in. cast-iron 
main, apparently leading from the same reser- 
voir. The steel main had been in service since 
October, 1897, or 11 years. Tests of carrying 
capacity showed “it to be very little less than 
that of a new pipe of the same size and con- 
struction.” Examination at a number of points 
showed the interior of the steel main to be in 
good condition, “and in very much better con- 
dition than the majority of the pipes examined 
on our 30-in. main”’—a fact which Mr. Reynold- 
son was unable to explain. 

The 12-in. cast-iron main? laid in 1890, or 18 
years before, “conveys hill water only” [evi- 
dently a corrosive water] in its upper portion, 
but below it carries bore [well] water and hill 
water after treatment with lime. Five years 
ago a scraper was passed through this main. On 
opening up a piece of the pipe which carries hill 
water it was found that 
the pipe was completely encrusted with tubercles 
to a thickness varying from a minimum of abou? 
1 in. to a maximum of about 1% ins.... The 
whole surface of the metal under the tubercles, 
although retaining its original shape, had been 
converted to a depth of nearly -in. to a sub- 
stance of the resemblance and softness of plum- 
bago. There ‘is practically no tenacity in this 
material, and the strength of the pipe is conse- 


quently reduced by the extent of the decay of the 
metal. 


In two sections of the cast-iron pipe on the 
lower reaches, the tuberculation of the pipe was 
not so extensive in either area or depth, nor was 
the affected metal so soft as in the case of the 
upper section. 

Mr. Mann gives further and later information 
regarding this same (Perth) cast-iron main. The 
main was scraped the second time in 1908, or five 
years after the first scraping. This resulted in 
the removal of as much material as at the earlier 
scraping, showing as much tuberculation in five 
as in the previous 13 years [assuming that the 
second scraping removed nothing left by the 
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first]. Speaking of 
Studies of this 
Mann says: 


the 
cast-iron 


and of 
general 


tubercles 
pipe in 


his 
Mr. 


When such a tubercle is removed from the 
interior of the pipe it leaves what is apparently 
an unaffected metallic surface which gives rise 
to the impression that no corrosion has occurred, 
but this conclusion is easily seen to be illusory. 
The pseudo-metallic surface was found to be soft, 
could be cut into with a knife, and on working 
it with a sharp chisel a soft black pulverulent 
mass was removed, extending to a depth of about 
3/16-in. down to the true metallic surface, which 
was then found to be extensively and irregularly 
corroded. 

When this black spongy mass was removed, to 
my great surprise, it was found that it heated 


on exposure to the air, and became so hot that 
moisture was driven off from it in the form of 
steam. It was strongly magnetic and was found 
on analysis to have the following composition: 
WEG «6p cnbee Sewanee 13.42 
WEEOEE <6 cans ce Gade sauwece 4.98 
EEO CRNGEREINOD Siege cscccete 19.30 
on | RS rns oe 52.42 
ES uuu Wiiw-wath amen 0.66 beans 9.48 
CE” cau twtGWeh ss cakes dcewa de 0.45 
100.06 


Calculating the silicon as silica this would be 
10.68, and the oxidized iron as ferrous oxide the 
latter would be 47.19. It is stated that both 
the iron and silicon “exist partially in 
each form.” 

The composition of the nodules was as follows 


probably 


Moisture 


a See 12 

Water of hydration............. 11.34 
GE de ag son's ie 2.20 
I. aus ews c% uaew aude 0.76 
ae ee re 1.05 
Ferric OE ie or ra a a ca Oa he ak 73.53 
a, GU 4540655266 b ones 6.54 
CS! 2 agit ws ole we de dhe 6.4% 0.39 
Shree Coe cade meee ewee trace 
99.93 


Mr. Mann’s comments on the figures just given 
and his final remarks on the corrosion of the 
Perth cast-iron pipe are as follows: 


(1) The material is attracted by a magnet due 
to the presence of magnetic oxide. 

(2) There is an absence of alumina such as 
would be present if the nodules were partly form- 
ed by sedimentation from clayey matters origi- 
nally in suspension in the water, and the small 
Proportion of silica indicates the absence of sand 
from a similar source. 

The presence of magnetic oxide alone does not 
throw special light on the origin of the substance 
as there is evidence that some of the ironstone 
gravel surrounding the reservoir possesses mag- 
netic properties, but in the absence of other 
evidences of sedimentation the presence of mag- 
netic oxide in the nodules indicates that it has 
been formed by corrosion of the iron pipe. 

The conclusion arrived at as the result of this 
examination of the Perth pipe was that the nodu- 
lar formation was entirely due to the corrosion of 
the metal of the pipe itself, the iron being dis- 
solved out and then by subsequent oxidation be- 
ing converted into accumulations of hydrated ox- 
ide, which forms the mass of the tubercles. 

The cause of the corrosion, judging by the re- 
sult of the analyses and by analogy with similar 
cases which have been recorded in many parts 
of the world, is electrochemical, due to the ac- 
tion upon the ingredients of the iron of the water 
flowing through the pipes accelerated and in- 
creased by the salts dissolved therein. 


Reverting to the Perth 12-in. cast-iron main 
later in his report, when giscussing electrolytic 
corrosion, Mr. Mann says it was long thought 
that cast-iron was more resistant than steel, but 
the graphitic layer in corroded cast-iron 
has served 


pipes 


in many cases to conceal the real state of affairs, 
hiding the fact that the metal was deeply cor- 
roded when it was apparently unattacked. Steel 
has only been used for a comparatively short 
number of years in works of this description, 
and therefore reliable comparisons cannot be 
drawn; in fact the question of which metal should 
be used works out to one of cost... [including 
the enormous expense of carriage such as woul 
have been incurred by the use of cast-iron pipes 
on the Coolgardie Water Scheme. 


There may be inserted here a remark on the 
relative corrosion of iron in steel in one of the 
two already-mentioned reports of Mr. Hume. 
Commenting on some experiments reported on p 
330 of London “Engineering” for March 13, 1908 
Mr. Hume says: 


It would appear from these experiments and 
the result obtained from cast-iron in Germany 
that mild steel may now be considered as correct 
a material to use for the manufacture of water 
mains as when the main pipe line of the G. W. 8. 
[Coolgardie] was put down. 

The Method Adopted to Combat External 
Corrosion. 

Mr. Reynoldson’s report of Nov. 24, 1908, de- 
scribes the method employed to prevent external 
corrosion as soon as need for action was realized. 


This was subsequently adopted as a permanent 
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or continuous measure, except for the adoption 
of a recommendation of the British experts that 
where the pipe exposed for re-coating was re- 
covered it should be laid on a cradle of lime 
concrete as an additional protection against ex- 
ternal corrosion. Quoting now from the report 
by Mr. Reynoldson just mentioned: 


Following the preliminary examination, a thor- 
ough special examination of the main through- 
out its entire length was put in hand. Two 
complete lengths of pipe at all depressions and 
in all classes of soil were uncovered for ~-their 
full length, and wherever active pitting was re- 
vealed the pipe was further opened up in both di- 
rections therefrom until found to be in good con- 
dition. 


vacuum pump 


Annular gunmetal plate Y% thick 
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\through plate = 31 feet 
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reservow: 


28 to top water level 
of receiving reservowr 


DE-AERATING APPARATUS TENTATIVELY 
INTERIOR CORROSION OF COOLGARDIE STEEL PIPE LINE. 


By this method it is believed that the bulk of 
the bad places have been located, although expe- 
rience shows that there are occasional zones 
which have escaped detection. Fortunately, how- 
ever, the pitting is found to be confined to iso- 
lated places on the pipe in the bad zones, and 
the pipe can be saved even after rust-holes have 
been discovered. In sand plain, iron-stone gravel, 
and non-retentive soils generally, the metal is 
found to be in good order, irrespective of the 
condition of the coating, and it is only in depres- 
sions and basins where the soil is retentive of 
moisture that the metal is attacked seriously. 

After locating the bad zones and removing the 
earth cover, the old coating is completely scraped 
off and the pipe re-coated with a mixture of bitu- 
men and tar, which are, experience has proved, 
to be the best field composition for this purpose. 


[Elsewhere in the report Mr. Reynoldson states 
that the coating was composed of “one part of 
bitumen to one of coal tar applied boiling hot, 
care being taken that the metal of the pipe is 
thoroughly dry before the coating is applied. Sev- 
eral other trade protective coatings have been 
used on short sections, but some of these perished 
in a few months; others are palpably decaying 
and the best are not nearly so good as the bitu- 
men and tar composition.”] 

In the majority of cases and wherever possible, 
the pipe is left exposed, resting on cross timber 
bearers, between which the earth is removed 
from under the invert of the pipe, for the pur- 
pose of keeping the pipe completely clear of 
contact with the earth. The sides of the trench 
are given slight slope to prevent subsequent cav- 


- Grealar gunmetal plate 
18 dia. supported on legs. 


‘VYotnts run in with lead and 
caulked, and then annular 
space to be maintained charged 
with water. 


TANK (16 X 20) 


(Float regulanng valve 
\ fo give constant head 


Valve on this pipe 
near ground level.—~ 


SUGGESTED BY BRITISH EXPERTS TO STOP 


ing in. Although it may not be advisable to 
leave long lengths of piping exposed, it is con- 
sidered that this cart be safely done on the 
comparatively short continuous lengths so far 
met with, as the water, while traversing the short 
sections, is not raised materially in temperature, 
and consequently very little contraction or ex- 
pansion in the pipe results. 

Where it is found necessary to fill in the trench 
and cover the pipe, a wrapping of tarred hessian 
is wound over the coating as a further protection 
against the action of the moist soil. 

It is considered that the methods of combating 
external corrosion are superior to those practiced, 
or generally possible, elsewhere and are effective. 


Perhaps it should be added that Mr. Simpson 
stated that continual renewing of the external 
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Methods of Combating Interia. 


As the studies of the problen 
seems to have become apparent { 
in them that the water must be tr. 
way to prevent corrosion. This 
Mr. Hume (verbally and in a rep 
1908), both as a means of prese: 
and its carrying capacity and 
water fit for use in the locomoti,: 
his care. Mr. Hume’s suggestion 
with additional supporting evidenc. 
dated Jan. 20, 1909. 

Mr. Mann, in a report dated 
said: 

That the most feasible method of 
the rusting trouble seems to be to 
protective basic substances in the 
addition of lime in the proportion 
{Imp.] grains per gallon of wate: 
and that similar additions be mac 
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were considered by Mr. Reynoldson, 
be remembered is the Chief Engin 
Goldfields Scheme, in his report of Noy. 24, 1998 
After dismissing internal scraping (to 
the carrying capacity) as likely to 
activity of the corrosion, and short: 
the main,” and after showing how costly it would 
be to take up, re-coat and relay the main (which 
might extend the useful life of the pipe 25 years 
from date), he dismissed scraping as worthy of 
consideration only as a last resort, ard said that 
even though re-coating should prove to be a little 
cheaper and more effective than he anticipated, 
yet he considered that 
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er of the 
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‘renew the 


n the life of 


it would be unwise to carry out such an expen- 
sive maintenance work before the question of the 
cause and prevention of the corrosive action of 
the Mundaring water [Coolgardie supply] has 
been completeiy investigated. 


Mr. Reynoldson then took up the possibility of 
lime treatment, as follows: 


It is a common practice to heat water for the 
prevention of corrosion of boilers, but, to the best 
of my knowledge, it has never to the present 
ever been attempted to prevent the corrosion of 
water mains by water treatment. This method 
of corrosion is, however, I consider, worthy of the 
most exhaustive investigation. 

From the published data available, it appears 
that pipes carrying waters which deposit cal- 
cium carbonate on the pipe do not corrode. This 
fact suggests heating the water with lime before 
its entry into the pipes. ; 

Experiments have been made at this office 
which, however, indicate conclusively that the 
addition of even a considerable amount of lime 
(up to 18 grains per [Imp.] gallon) to the air 
charged water, as pone. in the Coolgardie 
main, is not, in itself, a sufficient guard against 
corrosion. 


Evidently Mr. Reynoldson had not yet beet 
informed of the substance of Mr. Mann's report 
of the following day, already quoted, in which 
the latter recommended treatment with 25 grains 


. of lime per Imperial gallon. 


Mr. Reynoldson seems to have been impressed 
with the claims of the Metal Protection Co., of 
Melbourne, proprietors of the “Cumberland Metal 
Protection Process,” an “electrolytic process for 
the prevention of corrosion of boilers.” Con- 
siderable space is given to the claims for this 
process, both by Mr. Reynoldson i in later 
reports supplementary to the final report of the 
government board (mentioned again later), but 
the company was unable to give sat ={actory 
surances of the applicability of its process to 4 
pipe line, and provisional cost estima‘ «, indicated 
that it would be highly expensive. [hese esti- 
mates were submitted by Mr. W Hancock, 
Government Electrical Engineer, i" @ report 
dated May 24, 1910. Mr. Hancock -' uted that. 
as applied to boilers, 
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August 24, IgII. 
REPORT UF BRITISH EXPERTS.—In his re- 
ort of No‘. 24, 1908, Mr. Reynoldson renewed 
» guanine r ommendation for the employment of 
cae ablest European Specialist” to study the 
corrosion p’ -blem. The late George F. Deacon, 
of England, was engaged for this purpose early 
in 1909, an on his request that there be asso- 


ciated with aim “some eminent analytical chem- 
ist,” Sir Wm. Ramsay and Mr. Otto Hebner 
ones also engaged. After Mr. Deacon’s death, 
his place was taken by the firm of Sir Alexander 
pinnie, Son & Deacon. On Sept. 30, 1909, the 
pritish experts submitted their report. 

Nearly the whole of the report deals with in- 
terior corrosion. Of the other subjects treated, 
some have already been mentioned and others 
will yet be referred to im this article. 


Taking into account chemical and electrical 
theories of corrosion, and in the light of their 
own experiments, the British experts concluded 
that 
¢ the oxygen of the contained air [air in the 
water) can be removed, corrosion will be ar- 
rested, .. - and when the air is once removed 
steps ‘should be taken to prevent its re-entering 
the water. 


The addition of ferrous sulphate and an alkali 
to the water, “charging the water with ferrous 
carbonate by filtering it after it had been car- 
ponated, through vessels containing metallic 
iron,” and boiling were considered as three pos- 
sible means of removing the oxygen. In con- 
nection with an experiment on the effect of boil- 
ing a partial vacuum was used to cause the 
water to boil at a lower temperature. The report 
continues: 

At this stage it struck us that much simplifi- 
cation would be introduced it no attempt were 
made to heat the water, but if it were allowed 
to pass into a vacuum in a finally [finely?] di- 
vided state, at the ordinary temperature. An 
experiment was therefore made at 17° C. (62.6° 
F.) in which the vacuum was kept perfect, except 
for the pressure of water-vapor at 17° C.; which 
pressure is only 18 mm., or 0.72-in. of mercury. 
The dissolved oxygen was reduced from 6.5 to 1.4 
cc. per litre. 

The experts expressed the belief that a per- 
fected large-scale apparatus would give even bet- 
ter results, by giving better spray and vacuum, 
and submitted opinions, based partly on experi- 
mentts, in favor of this process over chemical 
treatment. Acting on this belief they recom- 
mended the removal of the air contained in the 
water “by spraying the water into a vacuum” 
and adding to the water “about 8 grains of lime 
per (Imp.] gal., which quantity may be reduced 
if the water when delivered is found to be 
alkaline. 


The report is accompanied by a sketch of such 

a de-aerating apparatus, which we reproduce 
on the opposite page, together with the de- 
scriptive text: 

The water to be treated is fed into an ele- 
vated tank through an equilibrium valve “(a)” 
controlled by a float so as to keep the level 
constant. On entering the tank the water passes 
through a wire gauze screen “(b)” of 3/32-in. 
mesh to remove any suspended matter liable to 
choke the orifices to be presently described. The 
water passes upwards from this tank through the 
annular gun-metal plate “(d)” into the vacuum 
chamber “(e)” connected with the air pump suc- 
tion “(1)”. It is assumed in the sketch, that 
the vacuum is equal to 28 ft. of water. As the 
plate “(d)" is shown 8 ft. below the level of the 
Water in the elevated tank, there would be a 
pressure equivalent to 31 ft. of watvur on the 
orifices. These orifices are assumed to be %-in. 
diameter, and would be about 1,400 in number, 
making due allowance for certain of them being 
blocked, Springing upwards, the jets impinge 
on the annular gun-metal plate “(f)", and the 
Water, on falling back, is collected in the annular 
vessel “(g)" surrounding a pipe open at both 
ends, and nnecting two vacuum chambers. The 
annular plate “(h)” is perforated with 3,000 %- 
in. holes at about %-in. ¢. to c., through which 
the water would descend in fine streams, the 
Velocity of which would be such as to prevent 
coalescence should they touch one another. After 


a through a second vacuum chamber “(m)”, 

ee water is discharged into a pipe communicat- 

a regulating reservoir, the level of the 

e - in t.- pipe being kept 28 ft. above the level 

© Wover in the reservoir by means of the 

ae vacuum. The pump suctions are taken 
e 


reservoir, the side walls of which 


should be vertical, and on the surface of the 
water should float a timber raft or other device, 
which, while responding to the level of the wate: 
in the reservoir, would largely prevent the access 
of air. 

The lime referred to above should be added as 
milk of lime to the reservoir into which the de- 
aerating apparatus discharges, by means of a pipe 
delivering below water level, and the reservoir 
should be divided into two compartments con- 
taining about 1,200,000 |U. S.] gals. each so that 
one can be cleaned out while the other is in use. 
In these compartments such portion of the “milk 
of lime” as had not passed into solution would 
be deposited. The floor of the compartments 
should fall to the mouth of a washout pipe and 
should be covered with a system of pertorated 
pipes connected with a high-pressure water- 
supply so that the settled sludge can be agitated 
and held in suspension when the compartment is 
emptied for cleaning purposes, It is possible 
that the water as delivered to the consumers 
may taste flat owing to the absence of air, or 
perhaps, of iron due to the nodular incrusta- 
tions now formed passing into solution. 

Whether this should prove to be the case or 
not the water can be easily re-aerated, and the 
iron in solution re-deposited, by allowing it to 
fall through a tower filled with large pieces of 
hard coke. 


The report of the British experts contains 
recommendations for preventing the water from 
being recharged with air after it was de-aerated. 
These involve changes in piping arrangements 
at the receiving and suction reservoirs located 
at the several pumping stations, tanks at sum- 
mit levels in the pipe line so as to keep the pipe 
fully charged with water throughout and thus 
exclude air, and other changes which are chiefly 
local in character. 

REPORT OF THE WESTERN AUSTRALIAN 
DEPARTMENTAL BOARD.—In January, 1910, 
the Cabinet referred the report just reviewed to 
a departmental board for advice. This board 
was composed of Mr. James Thompson, M. Inst. 
C. E., Engineer-in-Chief, Public Works, and 
Messrs. Hume, Mann and Reynoldson, already 
mentioned many times. The board reported on 
May 31, 1910. It advised against de-aeration, 
with the heavy expense for “completely exclud- 
ing air from the main, and the uncertainty of 
the efficacy” of the process, and recommended 
that 
a lime treatment by itself, using 5 grains per 
tImp.] gal., should, in the first instance, be tried, 
and so arranged that it could be supplemented 
by de-aeration, if found necessary. 

The board also recommended the construction 
of various reservoirs, changes in piping, etc., 
partly to aid in the exclusion of air and partly 
for general reinforcement of the system, par- 
ticularly as regards storage. In addition, the 
board advised the insertion of by-passes on the 
conduit at 20-mile intervals, “for the purpose of 
determining the efficacy of the treatment at 
critical points throughout the whole length of 
the main.” 

The cost of a 1,200,000-gal. (U. S.) lime treat- 
ment tank and settling reservoir was estimated 
at £6,000 (under $30,000) against £7,000 for de- 
aeration apparatus and £10,000 for lime-treat- 
ment plant estimated by the British experts, but 
the estimate was for plants to treat 6,000,000 
(U. 8.) gals. per day. Other works recommended 
by the British experts brought their total esti- 
mate to £187,000, against £31,000 for the total of 
estimates for the works advised by the gov- 
ernmental board—of course for less work. 

The annual working expenses for treating 3,- 
600,000 U. S. gals. per day by the local plan 
were placed at £1,700 (about $8,200). 

A number of appendixes accompanied the re- 
port of the departmental board, bearing upon 
one phase or another of the corrosion problem. 
Considerable of the space’ of these appendixes 
was devoted to the favorable results obtained 
by applying lime to the water which had passed 
through the Coolgardie main before it entered a 
branch from the lower end known as the Kan- 
owna main. After an experience of over a year 
with line treatment, it was found that the cor- 
rosion and also the perforations of this main 
were materially reduced, and that a coating of 
carbonate of lime had formed on the interior of 


the pipe. The water appeared to contain much 
less carbonic acid than had been supposed, so 
that to increase the deposit and “at the samé 
time remove the free lime from the water which 
would, doubtless, have a constipating effect on 
the consumers,” Mr. Mann suggested the intro 
duction of “large volumes of air at various 
points” into the main “by means of water-jet 
injectors operated by the current in the main 
itself... Mr. Reynoldson took up this suggestion, 
but found it would be not only prohibitive as to 
cost but also impracticable. 

DIFFERENCES OF OPINION BETWEEN 
THE BRITISH EXPERTS AND THE WEST- 
ERN AUSTRALIAN DEPARTMENTAL BOARD. 
—As we have seen, the British experts attributed 
the internal corrosion to oxygen in the water 
The departmental board accepted, instead, the 
opinion of Mr. Mann that the attack on the steel 
was due to hydrogen. Mr. Mann himself stated, 
in one of his appendixes, that the experience 
with lime treatment (Kanowna main) 
must far outweigh the result of any number of 
laboratory experiments, and I think affords a 
conclusive proof of my view that the cause of the 
corrosion is attack by hydrogen, and not by oxy 
gen, and that if the hydrogen attack is stopped 
by hydroxyl ions introduced through the agency 
of alkali there is no necessity to exclude the 
air, or to pay any attention to the secondary 
attack of the oxygen which may be present. 

The presence of air might indeed be advan- 
tageous, by aiding the formation of the pro- 
tective coating, and eventually this coating might 
become so effective as to make the lime treat- 
ment no longer necessary. 

The British experts laid much of the corrosion 
of the Coolgardie main to the fact that the ad- 
vice of an earlier British Commission had not 
been followed. Prior to constructing the main, 
this earlier Commission had advised a double 
coating of the pipe in “boiling asphalt” (two 
dippings) and that the pipe be laid entirely 
above ground. The departmental board pointed 
out in its report that when double dipping was 
advised it was supposed that the pipe would be 
made in England, dipped there, and re-dipped 
in Australia, but the plates were imported and 
then the pipe was made in Australia. Had the 
pipe been imported the local board believed that 
two coatings would have been advisable, but 
under the circumstances they think the extra 
expense of a portable plant for re-dipping just 
before laying would have been unwarranted. 
They also uphold the burial of the pipe, but in 
valleys and moisture-retentive grounds they be- 
lieve a less deep coating would have been better, 
with side drains as needed. 


In conclusion, it may be noted that in July, 
1910, the Government decided to adopt the 
recommendations of the departmental board, and 
that on July 15, 1910, the date of Mr. Reynold- 
son’s preparatory notes to the series of reports 
under review, the works advised were being car- 
ried out. 


—_——— re 


Six Gas-Electric Motor Cars will be placed in 
operation by the St. Louis & San Francisco R. R 
for various light services. These cars are of 
steel, 70 ft. long and 10 ft. wide over sills, with 
a turtle-back roof, pointed front, observation 
rear and center doors. The interior arrange 
ments are adapted to Southern traffic conditions, 
having separate compartments and entrances for 
negro and white passengers, and for baggage, 
ete. The seating capacity of a car is for 55 per- 
sons. The car is electric lighted and heated by 
the engine-jacket cooling water or a separately- 
fired coal-burner. The power-generating plant is 
located in the front of the car and comprises (1) 
a main set consisting of an eight-cylinder gaso- 
line engine with direct-connected generator and 
(2) an auxiliary set consisting of a three-cylin- 
der gasoline engine driving a small generator 
and having one cylinder fitted as an air com- 
pressor. The air is used for brakes, sanders, 
bell, etce., and for starting the main unit. The 
auxiliary generator furnishes current for lighting 
and various services. There are two 100-HP. 
standard railway motors, driving the two axles 
of the forward truck and taking current from the 
main generator through an ordinary street-car 
controller. The car has straight and automatic 
air and auxiliary hand brakes. 
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Gravel as Ballast for Railway Track.* 


Owing to its high cost, hard crushed stone can 
be afforded only for ballast in roadbeds which are 
heavily taxed with traffic, while stretches taxed 
to a less extent must resort to material near at 
hand, mostly river or mountain gravel. Still, 
increasing speed and weight of rolling stock on 
these latter stretches are making heavier de- 
mands upon the ballast, principally in the direc- 
tion of greater resistance to change of position 
of the rails. 

The greater carrying capacity of crushed stone 
is due principally to the many sharp edges of 
the individual pieces. This gives it the high 
resistance when used as ballast, which is not 
greatiy reduced under shock. On the other hand, 
the gravel pieces give way easily under pressure 
and lose still further in resistance when sub- 
jected to shock. These different characteristics 
of crushed stone and gravel affect the roadbed as 
to (1) the cross-sectional shape of the ballast, 
(2) the support to be given the track, and (3) the 
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more often. It was determined that the most im- 
portant observations came just previous to the 
occurrence of frost, during the time of the heavi- 
est frost, and just after the complete disappear- 
ance of frost. The rail elevations at the above 
mentioned times are shown [parts only of the dia- 
grams are given as examples in Fig. 1. Ed.}] The 
horizontal base line indicates the first observed 
condition during the autumn, the lines II, III and 
IV the altered elevations during the severest 
time of winter, of spring, and of the following 
fall, respectively. Under each group of observa- 
tions is a longitudinal section through the track 
which illustrates the composition of the ballast 
and sub-soil and the depth of the frost line. The 
changes observed for the first year and for the 
second were so similar that the observations for 
one year only are given. 

Close relations exist between the different ele- 
vations of the rails and the nature of the soil of 
the roadbed. Every clay and clay-bearing soil 
drove the track upward, and (as other observa- 
tions indicated) also towards the sides. The more 
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DIAGRAMS SHOWING VERTICAL MOVEMENTS OF TRACK DUE TO HEAVING 


AND SETTLING OF ROADBED IN DIFFERENT KINDS OF SOIL. 
(Rach set of left-hand diagrams shows three observations on each rail and gives a section of the 


roadbed and ballast. 


shape and spacing of the ties. The object of this 
article is to determine to what extent gravel 
makes possible a uniform and permanent road- 
bed. 

It was desirable to follow out the changes in 
different individual roadbed stretches and note 
their greater or lesser durability in comparison 
with the peculiar characteristics of the ballast 
of each stretch. The ballast of the observed 
stretches consisted of a mixture of coarse and 
fine gravel with a sand content of 25 to 33%, 
consisting of grains under 1 mm. greatest diam- 
eter. The ties were spaced 30 to 33.6 ins. The 
traffic yearly amounted to about 1,200,000 tons. 
Among the daily trains were several which had a 
velocity of 46% m.p.h. and more. 

The observations were continued two years; 
the elevation of the rails was taken every two 
months, and during affecting weather conditions 


*Abstract of a paper by Mr. C. Braiining, pub- 
lished in the “Zeitschrift fur Bauwesen” (Berlin) 
in 1904. Our abstract is from a translation given 
in Bulletin 136 (June, 1911) of the American Rail- 
way Engineering Association, having been made 
for the committees on Ballast and Roadway. 
Elsewhere in this issue will be found a paper on 
stone ballast and an editorial discussion of the 
general subject of railway ballasting.—Ed. 


The right hand diagrams show 
points on the rails for a period of about two years.) 


the variations in level of individual 


uniform such soil is, and the more uniformly it is 
distributed, the more uniform is the tendency to 
lift the track and to lower it again after the dis- 
appearance of frost. 

Irregular mixtures of sand and clay, such as 
occur in earth embankments, led to very unfa- 
vorable action in spots, owing to the fact that the 
earth, due to the action of the frost, was unevenly 
forced upward and outward and did not regain 
its original position after frost had disappeared. 
Clean and evenly fine grained sand proved to be 
quite constant under the action of frost, and a 
similar absence of the expansive force of frost 
was noted in the gravel ballast itself, though it 
was not entirely free from earthy constituents. 

During the seasons of no frost such apparent 
influences of the soil underneath the ballast were 
not noted. In the summer, the sinking of the 
rails was generally very small and hardly meas- 
ureable. Severai times notice was taken of the 
rising of the rails up to 0.8-in., but only at the 
hottest time of the year. 

In order to illustrate more clearly the changes 
taking place in the rail surfaces in relation to the 
seasons and the condition of the sub-soils, cross- 
sectional views illustrating the sinking and ris- 
ing of distinct groups of the stretches under 
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observation in continuous line for ; 
given at the right of the diagram. 

Of all the changing lines, those 
Fig. 1, (between the points 13 to 1s 
ticular importance. The rails and 
on a strong gravel bed, under whic; 
sand extends to a level lower tha», ¢ 
The ties are spaced 30 ins. and 
fastened to them with screw-sp 
traordinary permanence and unifo 
this piece of track indicates that ¢ 
ing a large proportion of sand wi} 
serviceable ballast under proper 
subsoil and track construction. 

Whe recent track construction wi: 
and narrow tie spacing is well ad 
tribute the load over a greater )p,, 
ballast, and thereby decrease the ( nds made 
on the ballast. On the other h:; t 5 
increased demands for more regula 
and the prevention of all local dist; 
roadbed. The nature of the bal! 
erushed stone or gravel, does not ass «: 
dying the influences of the soil up which the 
ballast rests. In order, therefore, {} , 
soil have no influence on the roadbed 
sary that it consist of a material w) 
stant under the action of frost, and 
low the frost line. Any bed of clean sang will 
serve as a frostproof sub-soil even wh. 
is of fine grains. When the transforming ingy. 
ences of the sub-soil and the weath-: 
moved, the characteristics of the | 
come into play. 

If the loads are unequal which ar: 
to the ballast through the ties, then ¢ set un- 
derneath the more heavily loaded tics is more 
serious than in the others. 
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Fig. 2. Displacement of Sand Ballast Under a Tie 
Subjected to Load (Model Test). 


original conditions of loading of the ballast are 
gradually changed, principally in that the pres- 
sures under the more heavily loaded ties gradv- 
ally diminish and the pressures under the lightly 
loaded ties gradually increase, until the condi- 
tion of loading becomes quite uniform. In order 
to observe these phenomena, a section of roadbed 
was purposely tamped unevenly, so that a por- 
tion of the ties rested solidly on the ballast, while 
the other portion was without any support. By 
repeated observations it was found that the 
spaces between the ballast and the ties gradually 
diminished, and after six months 
entirely. 

An equal change is experienced by the ballast 
underneath each tie. And here, too, the tendency 
is for the tie to take such a form that the unit 
pressures of it in the ballast are equal in all 
places. . Hence, the tie itself becomes a beam 
with uniform loading, and the surface of the 
ballast underneath the tie assumes, therefore, the 
shape of the elastic curve of the tie under this 
particular condition of loading. This shape of 
the surface is present whether the tie is loaded 
or not. But since the passing loads are not un- 
form, and hence the unit loads on the ballast 
vary, the shape of the surface of the ballast 
becomes the average of the elastic curves of the 
tie due to the different loadings. In making 
this statement it is assumed that the resistance 
of the ballast is equal at all places. If this is not 
the case, then those placed where the resistance 
is not so great as in others will give way until 
all places are loaded in accordance with their 
resistance. 

The continual changing of the form of the road- 
bed is a result partly of the compression of the 
ballast, and also, perhaps to a larger «extent, the 
result of a sidewise spreading. The | «ding of 
the bed under and adjacent to the ties is 50 con 
tinually varying that an equalization of the 
pressure cannot take place, and the ligh''y loaded 
part between the ties is continually being dis 
placed by the heavily loaded part b« eath the 
ties. [This movement has been studi! by Dr. 
Zimmerman by means of experiments a small 
scale, Mr. Braiining refers to these in )~ follow 
ing statements.—Ed.] / 
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Fig.3. Fig.4. 


Figs. 3, 4 AND 5. DISPLACEMENT OF SAND BALLAST UNDER A TIE 
SUBJECTED TO LOAD (MODEL TESTS). 


sed load [on @ small block in a sand box 
aia a gless side], @ sidewise displacement of 
o sand began, first in lines which were not dis- 


+, then becoming more distinct, until eventu- 
ny ver? pronounced lines of separation ap- 
; sred. Several of these lines are shown in Fig. 
e Although they diverge considerably in their 
longitudinal relation to one another, due to the 
variation of the internal friction, nevertheless 
the theoretical basic shape of the logarithmic 


spiral is recognizable in their curvature. The 


shape of the lines of separation is not changed 
when the ballast is piled up higher than the ties; 
in fact, they continue right on up to the surface. 

The body of sand, which separates itself, tends 





Fig. 6. Displacement of Sand Ballast Under Two 
Ties Loaded Simultaneously (Model Test). 


to retain its original shape, and also seeks to 
regain the original lines of separation when the 
tie is forced deeper into the sand, since when this 
is the case resultant resistances of the sand par- 
ticles sliding over one another are at a minimum 
(Fig. 2). 

Underneath the tie the separation of the sand 
layers did not appear as uniformly and distinctly 
as above. At the start of the experiment, a slen- 
der wedge would usually form, with its apex 
pointing downward. This wedge would become 
more blunt as the tie sank deeper into the sand, 
and the location of the apex remained compara- 
tively firmly fixed, so that the lines of separation, 
extending from the sides, retained their original 
position, as in Fig. 3. On the other hand, and 
more particularly where the sandbeds were deep 
and the resistances to the sidewise displacements 
were greater, there appeared another wedge, firmly 
fixed, with its apex pointing upward, from whose 
sides the sand particles would glide (Fig. 4). This 
tendency of the particles to glide from the sides 
of the upturned wedge continues so long as the 
angle “A” (Fig. 4) stays larger than the angle 
of repose of the material. If the bed upon which 
the tie is imposed is confined between two rigid 
walls, as in Fig. 6, the resistance of the bed with 
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Fig, 7. Displacement of Sand Ballast Under Two 
Ties Loaded Simultaneously, the Ballast Being 
Confined at the Sides (Model Test). 
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ag walls strongly opposes the tendency of the 
: sg to become displaced upwards. But 
na ~ confinement of the bed arises from the 
on on ties, simultaneously loaded, as is the 
jane: moving particles which meet be- 
ie ane e ae oppose one another, and, not find- 
haan confining resistances, drive themselves 
mae An experiment with two equally loaded 
cna oe bed is shown in Fig. 6. The 
Setinie etween the ties chosen were such that 
ciunae p00 of material between the ties and be- 

the walls and the ties were equal, and thus 
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also making the resist- 
ance in the two direc- 
tions equal. This was ap- 
proximately the case 
when a/2:c = 1:1.3. The 
distance between ties 
when the bed material 
ceased to rise up between 
them appeared to be when 
a = 1.5b. Even with a 
pressure as great as 568 
lbs. per sq. in. no rising 
of the bed of the mate- 
rial was noted when the 
ties were closer than a 
= 1.8b. 

Positive determinations of the action of the 
widths of the ties could not be made from the 
results [of these small-scale tests]. In order to 
get at the actual conditions prevailing in a road- 
bed, where ties are equally and simultaneously 
loaded, two ties were rigidly bonded together and 
placed in .an iron box, so that each came very 
close to the sides of the box (Fig. 7). In order 
to reduce the friction of the bed material on the 
walls of the box, they were lined with glass. 
Since the three sides of each tie were contiguous 
to the sides of the box, the only possible escape 
for the bed material was between the two ties. 
It was observed that a wedge with its apex point- 
ing upward appeared underneath each tie when 
the material between the ties had reached a 
certain height and the material of the bed tended 
to glide off the sides of this wedge, exercising a 
heavy pressure sidewise on the tie. The carry- 
ing capacity of the tie at its ends is less than at 
its center, but it increases from the ends until 
it reaches those points where the resistances 
sidewise and outward towards the ends are equal. 
Between these points the carrying capacity is 
uniform. Since the support given the tie bears 
a direct relation to its carrying capacity, the 
pressure underneath the tie on the ballast dimin- 
ishes outward from the two points described 
above. The closer the ties are spaced, the greater 
the carrying capacity of the roadbed becomes, and 
the nearer to the ends the ties are, the points 
from which the pressure on the ballast decreases. 

The length of the tie has no influence on the 
relation of the pressure at the ends of the tie, 
but it does affect the load intensity and the 
length of the uniformly loaded territory under 
the middle of the tie. When determining the 
length of the ties, consideration should be taken, 
on the one hand, that the bending moments do 
not become too great, and, on the other, that the 
lightly loaded portion, or portion carrying no 
load, is properly supported by the ballast. Since 
the surface of the ballast adapts itself to the 
elastic line of the tie, a short tie, when not loaded, 
will be supported at its middle, while a long tie, 
not loaded, will be supported at its ends. And, 
furthermore, the bending moment of a long tie 
under the rail increases considerably with its 
length, which should be taken into consideration 
with wooden ties, especially when wooden dowels 
are screwed in at the place of the greatest bend- 
ing moment, which would considerably diminish 
the carrying capacity. Consideration of all those 
limiting features seems to determine a tie length 
of 9 ft. 

The question of the smallest size of gravel par- 
ticles and the largest admixture of foreign mate- 
rial permissible in gravel ballast is of consider- 
able significance, from a practical and economical 
point of view, to railways depending upon gravel 
for ballast. The carrying capacity of gravel de- 
pends primarily on its internal resistances, which 
are indicated by the angle of repose of material. 
For ordinary dry gravel, the following values are 
determined: 





Fig. 5. 


Angle of 
Number. Size of Grains. Repose. 
A atc Less than 1 mm. 31° 11’ 
B eseade 1 mm. to 2 mm. 33° 45’ 
Cc ‘Keane 2 mm. to 3.1 mm. 36° 9’ 
es oe Ue 3.1 mm. to 4.2 mm. 37° 10’ 
. a eer 4.2 mm. to 5.6 mm. 40° 15’ 
me cheker 5.6 mm. to 9.2 mm. 39° 48’ 
eS Siw ewe Mixture of A, B, F = 1:1:5 34° 365’ 
eS haces Mixture of B, D = 1:1 36° 52’ 


Light moisture, such as is usually present at 
the base of the roadbed, tends to increase the 
adhesion between the particles, and, hence, en- 
hances the carrying capacity of the finer grained 
gravel. It was found that fine-grained gravel 
in a moist condition had twice to four times the 
earrying capacity of the same gravel in a per- 
fectly dry state; on the other hand, coarse 
grained gravel revealed no striking difference 
between the dry and the moist stage. A surplus 
of water, however, loosened up the adhesion of 
the finer grains’ when subjected to quick change 
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in loading. If proper drainage is provided, then 
coarse-grained gravel can hardly” be saturated 
with water; while on the other hand, fine 
grained gravel may .easily be saturated, since it 
retained the water up to its point of saturation. 

The diagram, Fig. 8, represents, by the area 
bounded by line I and X and Y axes, how the 
water content varied from the top to the bottom 
of a bed 20 ins. deep. The original water con- 
tent of 29% decreased from the bottom towards 
the top to 4%. Similarly, lines Il, III and IV of 
this same Fig. 8 illustrate the variation of the 
water content of different gravels made up of 
coarser grains as designated under the diagram 
The water-absorbing capacity of the coarser 
gravel was greater than that of the finer gravel, 
but the release of water, as the level sank, was 
more rapid. In fact, gravel of greater than 2 
mm. was practically free from moisture at a 
height of 130 mm. above the level of the water 
The moisture finally retained after the gravel 
had been drained ranged with the different sizes 
between the narrow limits of 2.5 to 4%. 

Hence, it becomes apparent that coarse gravel, 
though of comparatively shallow depth, readily 
drains itself and becomes dry; but, on the other 
hand, the retained water is practically the same 
for fine and coarse gravel, provided there is 
sufficient depth. The disadvantages of fine 
gravel in this respect may be mitigated by deep- 
ening the roadbed. Consideration must always 
be taken of the possibility of supersaturation 
of fine gravel, owing to slower draining capacity 
under continued rainfall. This may also occur 
when the roadbed begins to thaw, and the sur- 
face water, which is released first, can find no 
outlet into the lower layer, owing to their 
continuing in a frozen condition. On the other 
hand, there is an advantage in the tendency of 
the ballast to remain frozen under the ties, and 
so form a solid bed for them until sufficient 
time has elapsed for the portion of the ballast 
between the ties to thaw, drain to a consider- 
able depth and become dry. 


Requirements for Good Track with Gravel 
Ballast. 


The principal requirements for a permanent 
and uniform roadbed with gravel ballast may 
be summed up as follows: 

The subsoil upon which the roadbed rests 
should consist (to the depth of the frost line) 
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of a material which is not affected by weather 
conditions, and when frozen does not heave up- 
ward, thus disturbing the ballas?. 

The continued settling of the rail bears a 
distinct relation to the internal resistances of 
the ballast. Hence, ballast, as far as it is sub- 
jected to such forces, should consist of material 
which is uniform in its carrying capacity. When 
the carrying capacity of the subsoil, therefore, 
is not high or varies greatly (as is the case with 
all earthy soils), the roadbed should be of such 
strength that the individual loads on the ties 
are evenly distributed throughout the ballast 
and uniformly distributed over the subsoil. Fur- 
thermore, all sidewise and circulating move- 
ments should be confined within the ballast. 

In order to meet these requirements, a depth 
of bed about 22 ins. underneath the ties would 
be sufficient, provided some particularly unfa- 
vorable conditions of the subsoil do not make 
a greater depth necessary. A clean sand, read- 
ily permitting water to pass through it, would 
act well at the bottom of this bed. The actual 
depth of the ballast should not exceed 12 ins. 
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underneath the ties in order to prevent mixing 
with the bottom layer of sand. 

In order to secure a ballast which drains 
readily in its upper layers, and in order to pre- 
vent the undue formation of dust underneath 
the following trains, and in consideration of the 
future increase of fine grain content due to 
tamping, it is desirable to prevent as much as 
possible the admission of fine grained particles 
in the ballast. This, however, only means par- 
ticles less than 2 mm. in size. As a matter of 
fact, a mixture of fine and coarse grains is de- 
sirable, since it permits of a more solid packing 
of the gravel underneath the ties than when 
only coarse gravel is used. 

But, due to the moist condition of gravel, it is 
not: very convenient to segregate the fine par- 
ticles from the coarser. In order to accomplish 
this separation, large coarse screens must be 
used. This results in a loss of a large and use- 
ful portion of the gravel, and the part remain- 
ing is often so little that the advantage gained 
by screening is not warranted, due to the great 
expense involved. Under these conditions, there- 
fore, gravel with a 25% content of grains 1 mm. 
or less in size becomes practicable, as long as 
the conditions are not extraordinary and do not 
require a specially strong roadbed. 

The width of roadbed bears a certain relation 
to the length of ties and the spacing of the 
ties. An extension of the Dallast 12 ins. out- 
wards from the ends of the ties (of the usual 
length of 8.8 to 9 ft., is sufficient. 

As the height to which the ballast is packed 
increases, the carrying capacity of the roadbed 
increases. Hence, material should be piled be- 
tween the ties as high as operating conditions 
will permit. 

The width of the tie is also of considerable 
importance, since with constant load the unit 
pressures on the bed are reduced as the area of 
the tie increases, and the carrying capacity of 
the tie increases directly as its area. A general 
use of larger wood ties is not permissible, owing 
to the high purchase price and the greater diffi- 
culty of obtaining the same. It is desirable to 
have the ties 9 ft. in length. Strict considera- 
tion should always be given the proper and 
uniform spacing of ties and shaping of the road- 
bed in order to utilize to the limit the resistance 
of the roadbed. 

Of greater importance than the width of the 
ties is the spacing of the ties. As the spacing 
is decreased two advantages are derived: (1), 
the unit pressure decreases; (2), the carrying 
capacity of the roadbed is increased. The limit- 
ing feature of decreasing tie-spacing is the 
ability to tamp the ties properly. Ties 6.4 ins. 
in height can still be tamped with convenience 
when 14 ins. apart. But this (the relation be- 
ing 2.3), 24 ins. c. to. c, is the lowest limit. This 
is the one most effective and simplest means of 
increasing the strength of the roadbed, and to 
utilize it to the fullest advantage, especially on 
roadbeds which are fully loaded, is urgently 
recommended. 


THE SUPPORT OF RAIL JOINTS.—The por- 
tion of the ballast under the joints requires spe- 
cial consideration, since the impact at these 
points makes extraordinary demands on the 
roadbed. It has been attempted several times 
to strengthen this part of the ballast by packing 
crushed stone underneath the ties supporting 
the joint, but without success. 

Another way, and the one usually resorted to, 
is to bring the two ties supporting the joint as 
close together as possible, 20 ins. c. to c. The 
closer the ties are spaced beyond this, the less 
is the difference between the carrying capacity 
of the roadbed underneath the joints and the 
carrying capacity of the rest of the bed. In 
order to further strengthen the roadbed under- 
neath a joint, it would be effective to increase 
the width of the ties supporting the joint. For 
instance, if the width of the ties used is 12 ins., 
and the distance between them from edge to 
edge is 10 ins., then the relation between them 
is 550—300 — 1.83, as compared with a rela- 
tion of 600— 260 = 2.31 for the ties not under- 
neath the joints. By means of this decrease in 
the distance between the ties at the joints, com- 
bined with the increased width, as well as the 
distribution of the load over greater surfaces, 
the carrying capacity of the roadbed under- 
neath the joints is increased approximately 75%. 
As ties are ordinarily furnished, there is consid- 
erable variation in sizes, and there should be 
no difficulty in selecting a sufficient number 
(approximately 10%) of the proper width to ar- 
range underneath the joints. 

As a further means of distributing the shock 
at the rail joints, methods of combining the two 


ties underneath each joint by the use 
framewurk are being tried. c 

All means to increase the resistance of the 
ballast to impact will not be complete and suffi- 
cient to properly maintain the necessary sup- 
port and steadiness of the whole roadbed as 
long as impacts, due to the passing traffic, at 
the rail joints continue to vary on account of 
the varying distance between rail ends, varia- 
tion in the surface elevation of two abutting 
rails, wear of the rails and wheel flanges, and 
other changes in shapes which result in varying 
shocks. Hence, the question of a proper sup- 


of a 


port for the rail joints is primarily a question 
of the proper joining of rails with the object of 
preventing low and loose joints. 


Experiments on the Pennsylvania R. R. to 
Determine the Proper Depth of Stone 
Ballast and the Value of Sub-Ballast. 


During the past two years the Pennsylvania 
R.R. has been conducting an extensive and 
valuable series of tests in regard to railway bal- 
last, the purpose of the tests being particularly 
to determine the depth which it is necessary to 
give for stone ballast on main-line tracks in order 
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SECTIONS THROUGH BALLAST BOXES, SHOWING CHARACTER OF SETTLE- 


MENT DUE TO LOADS IMPOSED UPON .THE TRACK. 


to secure a proper distribution of train load upon 
the roadbed. The committee appointed to con- 
duct the investigation was composed as follows: 
L. R. Zollinger (Engineer of Maintenance of Way), 
E. D. Nelson (Engineer of Tests), A. B. Cuth- 
bert (Principal Assistant Engineer, East Penn- 
sylvania Division), and G. W. Snyder (Principal 
Assistant Engineer, West Pennsylvania Division). 
A report was made in March, 1911, and by court- 
esy of the railway company and the committee 
this report was presented to the American Rail- 
way Engineering Association, through Mr. W. 
C. Cushing, President of the Association (and 
Chief Engineer of Maintenance of Way, Penn- 
sylvania Lines West of Pittsburg). It has now 
been published in Bulletin No. 136 (June, 1911), 
together with a large number of photographs 
and diagrams illustrating the result of the tests. 
We give herewith an abstract of the report, 
which is of particular value in view of the in- 
creasing loads and traffic which main tracks have 
to carry. The committee recommends the use of 


a ballast bed 24 ins. thick, and Mr. Cushing | 


points out that this agrees very closely with the 
depth of 22:6 ins. given by the formula which 
Mr. Thos. H. Johnson derived from the experi- 
ments made in Germany by Mr.“Schubert. 


The boxes were 12 ft. apart c. to c. They wer 
4 ft. 8% ins. wide, 9 ft. long and 3 ft. 4 ins. high, 
being set so that their tops were 2 ins. below the 
base of the rail. The testing plant was roofed 
over to exclude rain so that the amount of water 
applied to the boxes could be accurately deter 
mined. In order to simulate natura) conditions 
as to rainfall, water in known quantities was 
sprinkled over each box for the purpose of wet 
ting the ballast and roadbed materials, to induce 
settlement, and possibly to produce pumping 
track (but the latter never developed). A cate 
ful record was kept showing when the water was 
applied and the amount in its equival:nt in inches 
of rainfall. 

The car or truck (having two axles) was Tun 
back and forth upon the track at « speed of 
about 5 m. p. h. It had a wheel base of 9 ft 
and was loaded with pig iron, so t!«' the gros 
weight amounted to 150,000 Ibs., ©! 75,000 Ibs. 
per axle. There was no spring inte’ vention be 
tween the weight and the axle. (he journal 
boxes being fastened directly to the body of = 
ear. An electric motor was geared to one a 
the current being supplied through °" overhea 
shoe bearing against a conductor. t the ele- 
vated ends of the track a device | tomatically 
shut off the current and reversed th: motor: the 
car needed very ltile power or attention to ne 
it in motion. A counter on the ca’ registe 
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August 2-1, Igtil. 
Ei 
the number ‘ trips. The car was kept running 
night and a 

It being practicable to run the car faster 
han about 5 mM. DP. h., at which speed any effect 
cole the treck, due to impact alone, would be 
vegiistble. a weight of 75,000 Ibs. per axle was 
nee so ac to obtain about the same effect on 


the track as an “H8b” locomotive [2-8-0] run- 
ing at the usual speed. The weight per axle 
te this class of locomotive is 58,100 lbs. It was 
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a saucer-like depression in the roadbed material 
beneath each tie under each rail. 

In box No. 3 the original 12 ins. of engine cin- 
der, between the ballast and the clay, was very 
considerably compressed, the bottom of the bal- 
last immediately under the rail being forced 
about half way through the cinder. On the other 
hand, the clay showed very little compression, 
and the line of demarkation between the cinder 
and the clay was quite straight, while the line 
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FIG. 2. TRANSVERSE SECTIONS THROUGH BALLAST BOXES, SHOWING CHARACTER 
OF SETTLEMENT OF BALLAST. 


assumed that the effect on the track of the ex- 
perimental truck was about as great as that of 
such a locomotive running at the usual rate of 
speed. Even if the assumption is open to ques- 
tion, the results obtained with the use of differ- 
ent combinations of material supporting the tie 
can be considered comparative. 5 

The running back and forth of the loaded 
truck over the track resulted in a settlement of 
the ballast and roadbed materials contained in 
the boxes. After a settlement was noticed, ag- 
gregating about an inch, the car was stopped and 
the track raised to its original elevation and 
surfaced by tamping the stone ballast with tamp- 
ing picks according to the usual service methods, 
the proper elevation and levels of the track be- 
ing determined by the use of a “Y” level. The 
truck was then started and the above operation 
repeated from time to time, additional ballast 
being added, when necessary, to supply the loss 
due to tamping and settlement. In filling the 
boxes in each test, the loam, clay, engine cinder 
or other material, except the stone ballast, was 
compacted by a rammer, 

The truck was kept running and the accumu- 
lated results of settlement were noted until the 
decrease in the daily settlement was so marked 
that it was considered time to close the test. 
Then the boxes were opened and at each end 
three vertical sections parallel with the rail were 
cut in the ballast and roadbed materials; the 
first was taken at the end of the tie; the second 
half-way between the tie and the end of the 
rail; and the third beneath the rail. Each sec- 
tion was photographed, also carefully measured 
by the use of the “Y” level, to show the curve 
or line between the ballast and the various ma- 
terials with which each box was filled. In ad- 
dition, measurements were made for cross-sec- 
tions at right angles to the track; under the mid- 
dle of each tie and midway between the ties. [See 
examples in Figs. 1 and 2]. 

A series of five tests has been completed; the 
first one beginning Sept. 2, 1908, and the last one 
ending Aug. 2, 1910. The diagram, Fig. 3, shows 
the relative position of the various kinds of ma- 
terial used in each box and for each of the five 
tests. 


Summary of the Tests and Results. 


TEST NO. 1.—The ballast conditions were as 
follows: each box had 8 ins. of standard broken 
trap-rock ballast, with 27 ins. of bad yellow clay 
in box No. 1, 27 ins. of good sandy loam in No. 2, 
and 12 ins. of engine cinders on 15 ins. of bad 
yellow in No. 3. During the test (81,600 
round trips of the car) water was sprinkled over 
the boxes to an equivalent of 98% ins. of rain- 
fall; in endeavor was made to produce the con- 
dition “pumping” track, but without success, 
as the water escaped rapidly through the boxes. 


— '‘nspection of the boxes showed tkat in 
tie the depth of the ballast beneath the 
aie -« the tie had been materially decreased, 
aon 4 compression of the roadbed material 
Re nking of the ballast into the material 
oe 2 The line of demarkation between 
tees 'n of the ballast and the roadbed mate- 


not straight, the ballast having formed 


between the bottom of the ballast and the top of 
the cinder was very much depressed under each 
tie. 

The test showed conclusively that a depth of 
8 ins. of standard trap rock ballast, when laid 
on the usual roadbed material, was not sufficient 
to distribute the weight carried by the ties uni- 
formly over the roadbed. The results in the 
third box showed, however. that if 12 ins. of 
permeable material, such as soft-coal engine cin- 
der, is used beneath the § ins. of ballast, the dis- 
tribution of the weight over the roadbed ma- 
terial was much better. 


TEST NO. 2.—In this test, each hox contained 
rock ballast on a bed of loam, but the thickness 
of the ballast was 12, 18 and 24 ins., with 26, 19 
and 14 ins. of loam respectively. During the 
49,932 round trips of the car, the sprinkling was 
equivalent to 11% ins. of rainfall. The inspection 
of the boxes showed that with 12 ins. of ballast, 





the ballast had been compressed a considerable 
distance into the loam, and that the line be- 
tween the materials was far from straight, there 
being a considerable depression under each tie, 
especially under the rail. With 18 ins. of bal- 
last, the ballast settlement was less and the 
dividing line was straighter, while with 24 ins 
of ballast the settlement was still less and the 
line between the ballast and loam was quite 
straight. Sections made at right angles to the 
rails confirmed the conclusions that the deeper 
the ballast the straighter was the line between 
it and the loam. 


After a careful consideration of the data pre- 
rented by the second test, the conclusion seems 
inevitable that with standard stone ballast noth- 
ing less than 24 ins. beneath the tle will distrib- 
ute the weight of the load uniformly over the 
sub-grade or roadbed. On the other hand, test 
No. 1 had shown that a depth of 8 ins. of stone 
and 12 ins. of cinder gave apparently fair results 
in distributing the weight upon the sub-grade. 


TEST NO. 3.—Acting upon the above conclu- 
sion, this test was desired to show the advantage 
of a bed of cinders as sub-ballast, placed between 
the stone ballast and the roadbed. Each box 
was first filled with 12 ins. of loam covered with 
24 ins. of cinders; the track was then laid in 
place and about 45,500 round trips of the car 
were made in order to compact the bed of cinders. 
Then 8 ins. of cinders were removed trom box 
No. 1 and replaced with 8 ins. of stone ballast; 
in box No. 2, 12 ins. of cinders were replaced 
with 12 ins. of stone; box No. 3 remained un- 
changed. Then 40,100 round trips were made, 
or a total of 85,600 trips for the entire test. 
Water was sprinkled at the rate of %-in. per 
day, or 15% ins. in all. 

In the previous tests it had been noted that the 
water found its way through the stone ballast 
to the top of the clay or loam beneath it and 
there collected and ran through the cracks be- 
tween the planks. In the third test, a new fea- 
ture was introduced in box No. 3 by placing on 
top of the loam, beneath the 24 ins. of cinders, 
two pieces of iron pipe perforated with many 
holes. Each piece of pipe sloped from the cen- 
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FIG. 3. DIAGRAM SHOWING RESULTS OF BALLAST TESTS; PENNSYLVANIA R. R. 
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ter of the box outward to the end, a slot being 
made opposite the end of the pipe, so that it 
could be watched. 

When the test was started (June 28, 1909), 
water equivalent to %-in. of rainfall was applied 
daily. This was in progress for nine days, until 
water equivalent to a total rainfall of -4% ins. 
had been sprinkled before any moisture appeared 
at the ends of the iron pipe, and then only a 
very small quantity of slime began to ooze out 
at the ends. At no time during the test did 
water run freely from the ends of these pipes. 
This was considered a very significant fact, in- 
asmuch as it showed the ability of engine cin- 
ders to absorb and dissipate a large amount of 
water falling upon it before the water was able 
to reach the sub-grade in sufficient quantities to 
do much damage by saturating it. During the 
experiments the pipes were carefully watched 
and kept clean from the inside, so that any 
water reaching them could be observed. 

A study of the line separating the engine cin- 
der and the loam, showed that in box No. 3 
(where cinder was continued through the entire 
test and no stone ballast substituted) the line 
between the cinder and the loam was the 
straightest or best, showing the least amount of 
cupping. The line between the cinder and the 
loam in boxes Nos. 1 and 2 left very little to 
choose between them, with a difference slightly 
in favor of box No. 2 (12 ins. of ballast). At the 
same time it should be clearly noted that the 
sections taken at right angles to the track show 
the ties bent more in box No. 3 than they did 
in either boxes No. 1 or No, 2, due to the fact 
that engine cinder is more compressible than 
broken trap rock. 

A study of the lines of demarcation, between 
the trap rock ballast and engine cinder in boxes 
Nos. 1 and 2, develops that there was less de- 
formation or cupping of the cinder beneath the 
ties where the depth of stone ballast had orig- 
inally been 12 ins. (box No, 2) than where it had 
been 8 ins. in (box No. 1). 


TEST NO. 4.—This was made to determine the 
respective merits of gravel and granulated slag 
for sub-ballast, in comparison with the engine 
cinders used in previous tests. The test was 
made in the same way as Test No. 3. Boxes 
Nos. 1 and 2 had 24 ins. of granulated slag on 
12 ins. of sandy loam; No. 4 had 24 ins. of sandy 
gravel. The track was then placed and 45,561 
round trips were made; then 8, 12 and 8 ins. of 
the sub-ballast were removed, and replaced with 
the same depth of rock ballast in the respective 
boxes. It was noted that the compressibility of 
the gravel was about equal to that of the cinders, 
while that of the granulated slag was much 
greater. With the ballast in place, 40,060 trips 
were made, or 85,621 trips in all. During this 
time the sprinkling was equivalent to 14 ins. of 
rainfall. 


This test developed the superiority of gravel 
when used for sub-ballast, as compared with 
granulated slag, the latter being much more 
compressible and unstable. There was little dif- 
ference, however, in the line dividing the slag 
and the loam, and the gravel and the loam. This 
would seem to indicate that neither material had 
much advantage over the other in distributing 
the pressure upon the loam. A further study of 
this line showed that in box No. 2 (with 12 ins. 
of rock ballast) the line between the slag and the 
loam was a trifle better than in No. 1, with only 
8 ins. 

An inspection of the line dividing the ballast 
and slag and the ballast and gravel showed that 
there was more cupping or deformation where 
the ballast was only 8 ins. deep than where it 
was 12 ins. deep. Further, the line between the 
ballast and the gravel, was still better than be- 
tween the ballast and the slag. 


TEST NO. 5.—The previous tests indicated that 
the greater the depth of stone ballast, at least 
to 24 ins., the less is the deformation in the line 
or plane between the ballast and the underlying 
material. This test was made to determine 
whether a combination of stone ballast and sub- 
ballast having an aggregate thickness of 24 ins. 
would give as good a distribution of weight or 
pressure upon the roadbed as the 24 ins. of 
stone; also, whether there would be undue 
deformation of the plane separating the stone 
and cinders. The test was started with 24 ins. 
of cinders on top of 13 ins. of loam, the ties be- 
ing placed on the bed of cinders and 19,210 
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round trips made to compact the cinders. Then 
6, 8 and 10 ins. of stone ballast were Placed in 
the three boxes, and tamped as in the other 
tests. The test covered 112,304 round trips in 
all, with sprinkling equivalent to a rainfall of 
18% ins. 


The fifth test showed that there was less total 
settlement in box No. 3, where the depth of the 
stone ballast was the, greatest, 10 ins. beneath 
the ties. Also, that there was less deformation 
or cupping between the line of engine cinder and 
the loam, and between the line of ballast and the 
engine cinder. But the line between the engine 
cinder and the loam in box No. 3 was not as good 
as the line between the ballast and the loam in 
box No. 3 of test No. 2, where there were 24 ins. 
of rock ballast beneath the tie and on top of the 
loam. This indicates that 24 ins. of trap rock 
ballast beneath the tie will distribute the pres- 
sure upon the sub-grade more uniformly than 
a like depth of rock ballast and compressed en- 
gine cinder combined, up to the point where the 
layer of engine cinder has a thickness of not 
less than 14 ins. 

It is our opinion that any layer of engine cin- 
ders, having a less depth than 14 ins., would be 
sufficient to produce the results desired by the 
use of engine cinders; namely, a layer of ma- 
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terial beneath the stone ballast which will ab- 
sorb, lead off and dissipate water falling upon 
the track before it can reach the roadbed proper 
in sufficient quantities to be iniurious. af 


RECOMMEN DATIONS.—On the basis of these 
tests, the committee recommended that for main 
line tracks on the Pennsylvania R. R. there 
should be 24 ins. of stone ballast under the ties, 
with a sub-ballast to prevent water from reach- 
ing the subgrade in such quantity as to soften it 
and reduce its load capacity. The recommen- 
dations are as follows: 


A depth of 24 ins. of standard trap rock bal- 
last, beneath which is an additional layer of 24 
ins. of good permeable material, will place our 
sub-grade at a depth below the average frost 
line obtaining in the latitude in which the 
greater part of our system is located, thereby 
eliminating the trouble due to the action of the 
frost upon the roadbed and track. 

Since the amount of wear and tear imposed on 
the experimental track and sub-soil during the 
various tests was very small compared with that 
to which our main line tracks are subjected 
under service conditions, your committee recom- 
mends the use of 24 ins. of stone ballast under- 
neath the ties to meet satisfactorily the condi- 
tions that exist to-day and which will probably 
become more severe as time goes on. Also, that 
in addition to the 24 ins. of trap rock ballast 
beneath the ties, there should be provided a 
layer of engine cinder, gravel or an equivalent, 
to act as an absorbent mat to promptly and 
properly dispose of the water falling on the 
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track in such a manner as '» prey, 
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The Floating Dock for Raising Sunken 
Vessels. 


The raising of vessels sunk in -: 
row river channels is always a m 
culty, and may involve serious inte, 1Ce With 
traffic. The German government } a tea 
a floating dock specially designed 
work of this kind in the Kiel Shi; 
elsewhere. The dock was desig: 
Phillip Von Klitzing, Chief Engi: 
German Shipbuilding Co.’s plant 
which plant the dock was built. Th. 
been patented in several countries 
present dock has a lifting capacity 
tons, the same principle can be applied to simi- 
lar docks of larger size. The accom; - 
shows the dock afloat, with a hare 
tween the two pontoons. The 
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DOCK FOR RAISING SUNKEN VESSELS. 


the following description are taken from the 
“Engineer” (London) of May 5. 

The dock consists of two L-shaped pontoons connected 
by open-work girders. Each of the pontoons is divided 
into water-tight compartments by longitudina! and trans- 
verse bulkheads. For sinking the dock, water is, of 
course, admitted into these compartments, and for lifting 
it centrifugal pumps driven by benzine motors are em- 
ployed to empty the compartments. The length of the 
dock is 150 ft., and the distance between the pontoons is 
27 ft. It is designed to lift vessels up to 800 tons io 
weight and 200 ft. in length. 

When engaged in lifting a sunken vessel, the dock is 
securely anchored in position above it, and its lifting 
ropes are connected to the latter in any convenient way 
There is an ingenious arrangement by which the tension 
on all the lifting ropes is equalized. By it the various 
load points are connected together by means of a col 
pensating rope running in pulleys. Before the operation 
of lifting is begun, this rope is stretched tight by means 
of winches, and the load points are kept separate by 
means of rope stops. The dock is first of a!! sunk 
its full extent, and the lifting ropes made ‘aut. The 
pumps are then brought into play and the sunken vess¢l 
is gradually raised. 

The extent of one lift is about 26 ft. 3 ins. and this 
can be performed in about three hours. The power of 
the pumps is about 30 HP. It is to be understood thal 
the depth from which a vessel can be raised is not limited 
to 26 ft., for the lift can be repeated over and over agat, 
the dock being sunk and pumped out, and the proper 
adjustment of the ropes being made each time The only 
limit is the depth ati which @ivers can work. The ves?! 
as it is raised is brought up between the two pontoons, 
and when raised to the surface it can be repaired and 
pumped out. 
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of Electrolysis of Pittsburg 
Water Pipes. 


In a pape! before The .Engineers’ Society of 
western Pe! isylvania, June 20, 1911, Messrs. 
« E Lanpoer and L. B. Smith, of the Pitts- 
vent water Bureau, described the work done in 
hat city since 1905 to reduce the destruction of 
"ter mains and service connections by railway 


wat 

return currents. 

In 1900 investigations showed an alarming fre- 
quency of breaks. As practically all damage 
a in the vicinity of the power-houses of the 


philadelphia Co., which operated all the elec- 
tric railways of the vicinity, the trouble was 
attributed to stray currents returning to these 
power stations. Prior to 1900 no serious trouble, 
traceable to electrolysis, had developed though 
it was believed that the action had been slowly 
progressing. Up to 1905, the city and company 
were endeavoring to come to some understand- 
ing as to the responsibility for the conditions. 
The company at first contended that stray cur- 
rents were not responsible, but later accepted 
this idea and claimed that it was a necessary 
evil as the company had bonded its track and 
had done all that could be expected. About 
1905, two court decisions fixed the responsibility 
of the company. Mr. E. E. Brownell, of Chi- 
cago, was secured to make a survey and to for- 
recommendations. The city and the 
shared the expense and infor- 
3rownell’s report showed sev- 
eral centers of serious conditions: (1) An 
area of three miles long by a = quarter 
mile wide centering at the 20th St. power-house 
of the Philadelphia Co.; (2) a narrow strip 
three miles long about the Glenwood power- 
house: (3) an area 1% miles long by a quarter- 
mile wide about Bedford and Wylie avs.; (4) 
small districts about (a) Center and Millvale 
Aves.; (b) Penn and Highland Aves., near the 
Broad St. power-house; (c) four blocks of Ells- 
worth Ave. The map shows that the most 
troubled areas were along the Allegheny, Mo- 
nongahela and Ohio Rivers. The maximum posi- 
tive potentials were about 24 volts, in the 20th 
St. district, gradually becoming less in easterly 
and westerly directions. In the Glenwood dis- 
trict, 14 volts positive was found near the end 
of the pipe system near the Glenwood power 
station. A maximum of 5 volts positive was 
found in the Bedford district. (Positive poten- 
tial was taken as voltage of pipe system above 
rails.) The greatest damage occurred in the 
20th St. district, though there was extensive 
damage in the Glenwood and Bedford districts. 
The leaded joints showed little deterioration 
either of the lead or cast iron. 
The report recommended (1) the copper bond- 
ing of every calked joint in the positive districts, 
and (2) the connection of the water mains at 
various points in the positive areas with the 
negative bus-bars of the proper power-house. 
After much controversy the Philadelphia Co. 
Was persuaded to go ahead on these lines, and 
in 1906 the company contracted with Mr. Brow- 
nell to install a “return pipe-feeder system” for 
the railway, using the city water and the com- 
pany’s gas main as returns for railway current. 
The city was represented on the work by the 
engineers of the Water Bureau for obtaining 
& record of the work, for assisting in the lo- 
cation of the pipes and for seeing that the ser- 
vice was not interfered with. The work in the 
a St. district alone is described in the paper 
oted, being typical. 
ae of greatest positive potential (20th 
etka § —_ were first attacked, eight 1,000,- 
=m. ‘es were run from the power-house 
‘ the pipes in danger, including a 
‘onduit, a 36-in., two 12-in., a 10-in. 
maller cast-iron calked-joint mains. 
were connected by inserting a plug 
much as in inserting corporation 
piug end being faced and tapped out 
‘he cable-terminal clamp. In some 
‘ble connection was made by in- 
atact-plate terminal of the cables 
bolt heads and flanges—one bolt 
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being loosened at a time. These cables were 
controlled by switches at the power-house. 

It was found on trial that, with a station load 
of 12,000 amps., 4,600 amps. were returned from 
the pipes and the positive potential of the for- 
mer danger center was reduced to 1.8 volts with 
corresponding reductions generally in the dis- 
trict, except near (1) Liberty Ave., (2) 32d St., 
and (3) west of 2ist St. Pipes below 2Ist St. 
were positive to pipes above and current was 
forced into the section above 21st St. The drop 
on the cables along 21st St. to the power sta- 
tion was high—7.5 volts. Four more 1,000,000- 
c. m. cables were run into the section from the 
station, reducing the peak to practically 0.5-volt 
oscillating positive and negative. 

A peak at 17th St. was next attacked, a 2,000,- 
000-c. m. cable line being run from the 20th St. 
power-house to pipes on Liberty and Penn Aves., 
connecting at various points between 17th and 
20th Sts. Satisfactory results were not secured, 
due mainly to the high resistance of pipes along 
Penn Ave., and the operation of a power sta- 
tion at 13th and Etna Sts., to reinforce the 20th 
St. power plant for about 5 hours a day. How- 
ever, the current on one set of cables laid to 
the vicinity of 21st St., was reduced so that 
two of the cables were changed to relieve other 
sets overloaded, as noted. Two No. 0000 cables 
were run from 12th to 25th Sts. along the Penn 
Ave. pipes and connected to them at several! 
points. A _ 1,000,000-c. m. cable was run from 
the pipes of Liberty and Penn avs., at 12th 
St. to the 13th St. power-house. The maxi- 
mum positive potential had thus been reduced 
in this area to 0.5-volt, but it had required 5,000,- 
000 ¢c. m. of copper from the 20th St. power- 
house to pipes in Penn Ave., at 17th, 18th, 20th 
and 21st Sts., and in Liberty Ave., at 17th St., 
in addition to the 11,000,000 c. m. leading to the 
21st St. area, the 1,000,000-c. m. leading to the 
13th St. power-house, and the two 0000-cables 
on Penn ave. Where several cables, between 
the same points, were found carrying more cur- 
rent than others, they were equalized by jumper 
cross-connections. 

When work was completed in this whole 20th 
St. district, the maximum elevation of pipe above 
rails was 0.5-volt under extreme railway loads. 
Some 86,000 lbs. of copper cable, aggregating 
17,000,000 c. m. had been used. The greatest 
gain, however, it was believed, had been secured 
by utilizing the 42%-in. riveted-steel main as a 
return feeder. 

Current from the Bedford-district pipes was re- 
turned through a cable suspended from the 17th 
St. incline-railway framework and thence along 
Liberty Ave. and 21st St. to the 20th St. power 
station. In the other districts the same resuits 
were obtained in much the same way. ‘vhere 
small and old pipes showed a high resistance, 
parallel copper cables were run. Many cases 
of poorly-bonded rails were found-—especially at 
steam-road crossings, and these were bonded by 
copper cable. 

As the work was completed complaints were 
made that unbonded pipes of the People’s Gas 
Co., and the cables of the telephone and telegraph 
companies were being increasingly damaged. 
Finally, the Philadelphia company agreed to bond 
these lines to the city water pipes. 

A new 36-in. riveted-steel supply main was 
protected at Carson and South 30th Sts. by run- 
ning five 1,000,000-c. m. cables to the negative 
bus-bar of the South 30th St. power plant. The 
main had been down but a year and was coated 
with mineral rubber, but showed pitting. Con- 
siderable work was done following the consolida- 
tion of Allegheny and Pittsburg, though on ac- 
count of changing conditions it was made of 
rather temporary nature and calling for rein- 
forcement later. 

Under present conditions of increased statiun 
loads, the positive elevations of pipe potentials 
have advanced to above 1.0-volt at various points 
and further work needs to be undertaken. Sur- 
veys and examinations have been continued, but 
no line of water main has been found on which 
the electrolysis has continued since completion 
of the work described. The lead joints have not 
deteriorated from passage of return current 
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along and in pipes nor is there evidence of dam- 
ages due to shunting around defective caulked 
joints. The Water Bureau believes that if action 
is going on, the rate of deterioration is so small 
that the mans will fail, or become obsolete, from 
other causes first. 
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A Feed-Water Purifying Chamber for 
Vertical Boilers. 


Most engineers are familiar with devices which 
have been brought out at various times for re- 
ducing the amount of 
.« mud and scale depos 
oooo0o0K0c ited on the 
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heating 
surface of steam 
boilers, consisting of 
chambers inside the 
boiler, through which 
the feed-water passes 
and is raised to boil- 
ing temperature be- 
fore it flows into the 
boiler proper. Blow- 
off cocks fitted to 
this chamber enable 





the sediment deposit- 
'ed to be discharged 
at intervals. 

A design for the 
attachment of such a 
chamber to the or- 
dinary vertical tubu- 
lar boiler has 
worked out and pat- 
ented by Mr. T. T 
Parker, of Hacken- 
sack, N. J. 

The accompanying 
cut reproduced from 
an article in 
“Power,” of July 
4, describing the 


been 


Feed Water 








4 device, will make 
rt clear the method of 
tt T operation. 

A : The chamber into 
ao 


Z ss which the feed-water 
\ is fed is formed by 
morn. the space between 
the boiler shell and a 
cylinder riveted to its 
interior, leaving a 
space about 4 ins. 
wide. This annular 
space is divided by baffle plates marked E and 
I’ in the plan, the former coming within 7 ins. 
of the bottom of the tank so that the water flows 
under them, and the baffles marked F being in 
contact with the bottom but short enough so 
that the water can flow over their tops. The 
capacity of the annular, chamber is about 100 
gals., so that the water has a considerable time 
to deposit its impurities during its 
through it. 

The addition of such a settling chamber to the 
interior of a vertical boiler should greatly increase 
the life of the crown sheet and the safety of the 
boiler and reduce the labor of cleaning. 
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A Vertical Boiler with 
Interior Chamber for 
Purifying Feed 
Water. 
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Concrete Revetting in Culebra Cut.—Four tests 
are being made at Contractor's Hill, in Culebra 
Cut, on the Panama Canal, to determine 
the most economical and _ éffective method 
of concrete revetment. The first method 
is to place rail against the side of the 
soft rock on 3-ft. centers, covering a space about 
20 ft. broad, and then cover the rail with con- 
crete. The second method is to place one inch 
square rods, 2 ft. 6 ins. long, in the soft rock 
on 3-ft. centers, and to anchor the revetment of 
concrete to the rock by these rods. The third, 
is to place the concrete against the rock in forma, 
but without puddling it to make a smooth sur- 
face, and then to finish the surface with the ce- 
ment gun, this method to use neither reinforce- 
ment nor anchorages. The fourth method is to 
continue with the work of coating the soft rock 
by means of the cement gun. 

The purpose is to determine the kind of protec- 
tion to use in covering the decomposing rock be- 
low the 95-ft. level in Contractor’s Hill, and at 
other points along the Canal. Chagres River 
gravel, which is mixed with sand in proper pro- 
portion, and one barrel of cement to the cubic 
yard of material, are used in making the con- 
crete.—“Canal Record,” July 26, 1911. 
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A Large Fan and Air Conditioning System 
for a Cotton Mill. 


By L. L. LEWIS,* 

The accompanying illustration shows one of 
the largest fans ever built. Standing 21 ft. 8 ins. 
above the floor level, it has a total height from 
top of housing to bottom of the discharge of 34 
ft. 2 ins. The blast wheel is approximately 20 
ft. 7 Ins. in diameter by 11 ft. 2 ins. wide, and 
revolves at the rate of 70 r. p. m., supplying 20,- 
000,000 cu. ft. of air per hour. The diameter of 
the shaft is 9 ins. in the bearings and is in- 
creased to 10 ins. between the bearings. It is 
driven by an engine capable of developing 125 
HP. ;This fan is used to supply air for the 
humidifying, heating, cooling and ventilating sys- 
tem recently installed at the cotton mill of the 
Sharp Manufacturing Co. in New Bedford, Mass. 

Before entering the fan, the air is drawn 
through a humidifier which is approximately 25 
ft. 2 ins. wide and 19 ft. 2 ins. high. The air in 
passing through this humidifier comes in contact 
with a spray of water from 1,600 nozzles under 
pressure from a centrifugal pump. During the 
warmer months of the year, the air is cooled in 
passing through the humidifier, by evaporation of 
the water, down to the wet-bulb temperature of 
the entering air, and is saturated at that tem- 
perature. A sufficient amount of this air is de- 
livered to each floor by the distributing system 
of ducts to absorb the heat generated by the ma- 
chinery and the heat transmitted through the 
walls and windows on that floor and to bring the 
temperature down to the point necessary to give 
the desired humidity. It is possible to cool the 
air passing through the humidifier as much as 
18° or 20° on some of the hot, dry days of the 
summer and the amount of air delivered is suffi- 
cient to hold the temperature on the various floors 
of the mill down to a point below the outside 
temperature. An automatic and independent 
control of humidity is obtained by regulating the 
amount of air delivered on each floor. 

During the winter months the air in passing 
through the humidifier is heated to a constant 
temperature, and this temperature is controlled 
automatically. This is accomplished by plac- 
ing a steam jet in the suction line of the 
centrifugal pump. A thermostat in the fan 
inlet regulates the valve on the steam-jet line 
so that the water is heated the proper amount 
to raise the air to the required temperature and 
absolute humidity. An economy is effected in 
this heating by taking only enough air from out- 
doors to supply ventilation for the operatives, 
the greater portion of the air being returned from 
the mill. 

As it leaves the humidifier, the air passes 
thrdugh an eliminator which removes completely 
the mist or entrained moisture carried over from 
the water sprays. The eliminator is made up of 
corrugated sheets of galvanized iron strongly 
braced by galvanized iron angles and so arranged 
that the air has a tortuous passage through them 
The sheets are spaced approximately 1% ins. 
apart and are placed in a vertical position so that 
all water which is collected on them drains back 
into the settling tank, and as there are no hori- 
zontal projections on the eliminators, all dirt and 
solid matter is carried to the tank by the water. 
There are four corrugations in each sheet and 
the angle of each corrugation is approximately 
135°. By cutting down the distance between the 
eliminator plates, it is possible to increase the 
angle between the successive corrugations so that 
the air in passing through is not forced to make 
any abrupt turns. Thus the resistance is made 
very small, while the effectiveness of the elimina- 
tor is not impaired in the least. The last two 
corrugations in the eliminator have slightly pro- 
jecting lips so that the drops of water which col- 
lect on their surface cannot be carried through 
by the air currents. 

The air passes from the fan into a horizontal 
underground duct having a cross-section of ap- 
proximately 308 sq. ft. and is conveyed to eight 
vertical risers having a total cross-section of ap- 
proximately 350 sq. ft. The risers are placed out- 
side the mill and are constructed with double- 


*Carrier Air Conditioning Co., 39 Cortlandt St., 
New York City. 


ENGINEERING NEWS. 


sash, double-glass windows placed so that the 
lower portion of the mill windows are not ob- 
structed and will allow the entrance of light into 
the interior. A slight reduction in cross-section 
proportional to the air carried is made in each 
riser just above the point of delivery. Heating 
is accomplished by means of vent sections placed 
in each of the eight outlets on each floor. Thus 
each floor may be heated or cooled according to 
whether or not steam is allowed to enter the in- 
direct radiators. This is a very important point 
in this installation for the reason that the dis- 
tribution of mill machinery gives a very unequal 
distribution of power which necessitates cooling 
some parts of the mill even in extreme weather 
and heating other parts during the entire winter. 

This system in doing the necessary heating 
and humidifying is furnishing approximately 25,- 
000 cu. ft. of air per hour per operative, which is 
far above any requirements for ventilation. The 
air which is introduced is always clean, fresh and 
wholesome so that the operatives should never 
have any trouble with ill-health due to bad venti- 


A 20-Ft. Fan for Ventilating a Woolen Mill. 


lation, and they are subjected to atmospheric con- 
dition such as would tend to keep them in first 
class condition for work. 

Another way in which the system works 
for an increased production is by cutting 
down the number of broken ends, and by 
keeping the fibers in the best condition as re- 
gards temperature and moisture. This not only 
means an increased production but also a better 
class of work. A person who has never been in- 
side of a mill equipped with such a system ex- 
periences his first big surprise immediately upon 
entering one of the rooms conditioned. During the 
hot summer months he would expect to find these 
rooms hot, stuffy and ill-ventilated, but when he 
enters he finds the air is clean and wholesome, 
with practically no odor from the product being 
handled, and that in fact it is even more pleas- 
ant than out-of-doors. 

The fan was built by the Buffalo Forge Co., 490 
Broadway, Buffalo, N. Y., and the heating, cool- 
ing and humidifying system was designed and 
installed by the Carrier Air Conditioning Co., 39 
Cortlandt St., New York City. 

SS  — 

Fifty Years as Town Clerk of Grimsby, Eng- 
land, is the record of Mr. W. Grange and he is 
still serving in the same capacity, although 90 
years of age. A celebration in honor of the com- 
pletion of his 50th year of service was recently 
held in that city. 
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The Destruction of Masonry by 
and Attached Metal, 


The cracking of masonry structur. 
undue expansion or eccentric pres 
bedded or attached metal is a con 
ence. Such cracking does not as a | 
the structural safety of the mason: y 
erally is in some minor portion of 
which is not called upon to resist 
but on the other hand it is 
and is apt to occur in prom 
such as guard rails, bridge railing: 
its appearance may be noted by 
by. A recent issue of the “Annales 
Publics de Belgique’’* contains a vy, 
ticle by Mr. G. Denil, an engineer j; 
roads and canals service, reporting 
of a most extensive study into th: 
the course of which many hundreds 
were examined. The paper itself co 
of some 50 cases of cracking, care; 
from a mass of others as showing 
of failure. From those cases, whic! 
calls a “clinical study,” certain co: 
safe work have been drawn. Althouse 
at our disposal will not allow of 
translation of the paper, we hav: 
short abstract which presents th. 
tures of Mr. Denil’s study. 


In nearly every case of masonry 
provision has to be made for the at’ 
one form or another of some steel or 
lic structure for which the masonry f: 
or which is needed to complement th: 
sonry itself. These connections vary 
the straight piece of metal, embedded 
of a mechanical or chemical bond, or 
a cylindrical hole drilled into the mas 
The shape of the hole may be chang 
what to prevent easy withdrawal of 
or to provide more effective mechanics 
an expansion end and the cementing 
may be lead, sulphur or cement, but 
the type remains the same. 


When first placed these fastenings do 


pear to affect the integrity of the mas 


very often at the base of the meta! ro 
there appear in time the familiar radia! « 


the stone indicating that some expansi 
has occurred, forcing the stone apart 
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Three general types of failure of masonry due 


strictly to embedded iron are recogniz: 
Denil; 
drilling or subsequent driving, those 
the expansion in freezing of water st 


dd by Mr 
those induced by too hard pr 


eliminary 


caused by 


inding in 


the grooves or drill holes in which the iron is set 


and, in by far the greater number of 
those caused by the rusting and 
expanding of the embedded iron or 


instances 


consequent 


steel In 


addition to these the author notes several in- 


stances of masonry cracking under a 
centrated load of the superposed meta! 
the force exerted by the expansive 
metal structure butting against it. 


FAILURES FROM WORKMANS 
drill holes in which iron is embedded 


too con- 
and from 


force of a 


HIP.—The 
are often 


made carelessly by workmen anxious to raise 


their working capacity and who, 


too large drills and sledges or mallets 
tain kinds of stone this induces minute 
but which in- 


invisible when the masonry is laid, 
crease rapidly with exposure to the 
under stress. Especially when the a! 
is near a face, as is very often the 
cracks soon spread to this face and 
stone is spalled off. 


FAILURES FROM ICE.—These 
infrequent, but several photographs a: 
Mr. Denil showing their occurrence. 
be expected only when the drill h 
grooves into which the iron fits ar 
pletely filled by the iron, in which 
may enter and, in freezing, expand 
force as to shear off the stone. In ' 
where water may enter it has room 
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sion, if it freezes, which accounts for the rarity 
of the failures due to this cause. 

’ FAILURES BY RUST.—As noted before, most 
these fast nings are made by wedging a bar 
of jron into iole drilled into the stone and then 
mie the remaining voids with hot lead, sulphur 
pager ot some sort. It so happens that the 
omni material generally shrinks away from 
i “jon leaving it open to the attacks 


f the atm sphere and rust begins to form 
5 dded bar. This increases very 


on the em 

Jowly, but very surely, until in time the space 
ghich it occupied is too small and it forces the 
masonry apart and the characteristic cracks ap- 


When lead is used as the filling agent an 


as ction is set up and the oxidation 
of the iron is carried on more rapidly than when 
come other (ller, not electro-negative to the iron, 
is ysed, but in amy case the adherence of the 


filler to the iron is rarely close enough to prevent 
a slow oxidation and consequent cracking. 

The paper shows a great number of views of 
such failures, mainly in slender stone pilasters to 
the top of which some iron attachment is fixed, 
such a post, for instance, as is commonly used 
to carry a bridge railing. In all of these views 
racks appear radiating out from the embedded 
ron, in some instances of such an extent as to 
cause spalling of the stone. After his examina- 
tion of many such structures M. Denil comes to 
the conclusion that “most of the structures, in 
which iron is fastened to stone will finally be 
ruined and the cause of the ruin may be at- 
tributed to the spontaneous expansion of the 
fastenings, on account of the oxidation of the 
iron.” 

REMEDIES.—The author suggests a number 
of precautions which will reduce this trouble. 

(1) The number of such fastenings may .often 
be materially reduced without damaging the de- 
sign, and the fewer the fastenings the fewer the 
failures. 

(2) Iron wedges should be prohibited. Many 
failures are due to these wedges, which form a 
rigid, unyielding connection between the iron 
rod and the stone so that when the rust begins 
to form, its expanding force is transmitted di- 
rectly. If only lead is used between the iron 
and the stone, the lead can take up some of the 
expansion. 

(3) The embedded rods should be plain and 
round so as to permit of the even distribution of 
the filler. 

(4) Galvanization of the iron rods, so as to 
prevent rusting, is good practice. 

(5) Wherever possible bronze, which will not 
rust, should be placed next the stone, and the 
iron be set in this bronze socket, leaving room 
for expansion between the two. 

(6) The greatest care should be taken in the 
execution of the work so as to ensure a perfect 
drilling of the hole and its complete filling by 
the filler. 

(7) Sulphur and cement are better than lead 
for fillers as they do not cause electrolytic ac- 
tion. When lead is used it should be of the very 
best quality so that its complete penetration into 
all of the crevices of the hole will be assured. 


——_———_e——_—_—_ 


\ Suspension Bridge Over the Rhine at Cologne 
will Probably be built in place of an old pontoon 
bridge. The old bridge has long been inadequate, 
and several competitions for designs have been 
held, the latest until last year in 1898. Last year 
the city authorities resolved to proceed. Five 
Prizes of $1,750 were offered. A street bridge 
with two e! ctric-railway tracks was called for, 


{0 ft. wide over the roadway, with two 10-ft. side- 
walks. The conditions made high esthetic merit 
important. 


. The bridge is only a quarter mile 
- ove one of the modern arch bridges which cross 
e Rhine at Cologne. The first and second prizes 


were awarded to the Gutehoffnungshiitte of Ober- 


poop Both designs are for suspension struc- 
‘oles on rec spans (850 ft., 700 ft., 350 ft.), with 
cunt a either locked-coil or parallel-wire 
rs ace ~ the latter has not hitherto been used 
iehisl-ete _ The stiffening trusses are to be of 
dane ‘s — The difference between the two de- 
P 8 be . : y in the architectural development. 
“ olzmann & Co., of Berlin, designed the sub- 
Tucture. 
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Determinations of Specific Gravity, Absorp- 
tion and Permeability of Brick. 


A series of tests made by Messrs. D. E. Douty 
and L. L. Beebe of the Bureau of Standards gives 
some novel information on brick and brick test- 
ing. The work was reported before the Ameri- 
can Society for Testing Materials at its recent 
annual meeting (Engineering News, July 6 and 
13, 1911). A brief summary of the tests made 
and some of their results is given here. Build- 
ing brick only was tested. 

SPECIFIC GRAVITY.—True specific gravity is 
usually determined from pulverized material, so 
as to eliminate the influence of pores and voids. 
With a view to establishing uniform conditions 
for such tests, the influence of fineness of crush- 
ing was studied. Samples of the same brick 
crushed to powders of different finenesses 
showed different specific gravities, the finer 
powders showing the higher specific gravities. 
Crushing below No. 60 sieve, however, pro- 
duced only slight increase of specific gravity. 
The authors recommend, therefore, that for spe- 
cific gravity tests a powder at least as fine as 
No. 60 sieve should be used. 

Tests were alsu made to find how closely the 
true specific gravity may be determined on 
whole brick or entire pieces by boiling them to 
fill all pores and voids with water. It was found 
that boiling 4 hrs. enables the true specific 
gravity to be obtained with satisfactory ac- 
curacy (within 1 or 2%), except in the case of 
brick of very low absorption, for which the 
divergence is greater. The various bricks in- 
cluded in this test ranged from 2.50 to 2.65 in 
specific gravity. 

POROSITY AND ABSORPTION.—By shellack- 
ing the outside of a brick and then finding the 
specific gravity of the piece as a whole, the rela- 
tive porosity or percentage of pore space was 
determined by dividing by the true specific 
gravity and subtracting from 1. The mass spe- 
cific gravities of the bricks in the test were 
found to run from 1.9 to 2.3, and the percent- 
age of voids determined therefrom as 10.9% to 
28.9%. 

The relation of absorption determinations to 
this porosity percentage was examined. Ab- 
sorption being ordinarily found in percent by 
weight, for the present purpose it was converted 
into volumetric percentage. It appeared that 
this volumetric absorption checked well with the 
porosity percentage except for the bricks with 
lowest absorption. Thus, an absorption test 
properly carried out gives a correct gage of de- 
gree of porosity. 

ABSORPTION TESTS.—The influence of time 
of absorption and other conditions of the test 
upon the results was investigated by comparing 
different methods of absorption: Simple immer- 
sion (total and partial); boiling one to four 
hours; immersion for a long period followed by 
boiling; and immersion after vacuum treatment. 
The lowest absorption was obtained with the 
vacuum method (av. 17.7% by volume). The 
highest absorption was obtained by four hours’ 
boiling after 90 days immersion (20.5%), al- 
though boiling without previous immersion gave 
almost the same result (20.2%). There was con- 
siderable difference between the results ob- 
tained from four hours’ boiling and one-hour 
boiling (20.5 — 18.3%). Generally speaking, a 
half brick gave slightly lower absorption per- 
centage than the whole brick. 

The progress of absorption during long-con- 
tinued immersion in water was found to be about 
as follows: Calling the full absorption 100%, the 
absorptions after different periods were: 30 
minutes, 55%; five hours, 64%; 24 hours, 70%; 
seven days, 76%; 17 days, 80%; 90 days, 90%; 
boiling four hours after 110 days, 100%. This 
set of tests was made in parallel series with 
complete and partial immersion on whole and 
half bricks. Complete and partial immersion 
gave practically identical results after the first 
seven-day period. The half bricks at all periods 
gave slightly higher percentages of their full 
absorption than the whole bricks (though, as 
seen in the preceding tests, the total, or 100%, 
absorption of the helf brick was lower than that 
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of the whole brick). It is evident from these 
figures that the common 24-hr. absorption test 
gives results quite different from the true total 
absorption, and very likely also will give a com- 
parison between two bricks different from the 
comparison which would be given by a full ab- 
sorption test, as it is improbable that both 
bricks would reach just the same percentage of 
their full absorption in the 24 hrs. 
PERMEABILITY.—A number of bricks were 
tested for permeability under water pressure ap 
plied to one of the flat faces. The apparatus 
used consisted of a casing surrounding the brick, 
slightly smaller at the top than at the bottom 
The brick was set flatwise at about half the height 
of this casing, and the casing then lined with a 
cement-lime mortar, slightly overlapping the 
edges of the brick. Above and below the brick 
there was an inner casing to retain this backing 
and to reduce the chance of water passing 
around the brick through the backing. The outer 
casing being closed at the bottom by a strong 
plate, the space below the brick formed a closed 
chamber. Into this chamber water was ad- 
mitted under a pressure of about 28.5 ins. per 
sq. in., and the volume of water passing into the 
upper chamber was measured. Results obtained 
with this test arrangement for nine different 
bricks were as follows: 
COMPARISON OF PERMEABILITY AND PO 
ROSITY OF NINE BUILDING BRICKS 


Absorption by Permeability in c.« 


Voids, %. volume, % per sq. cm. per min 

28.9 26.5 1.60 
23.5 21.5 0.50 
21.9 22.7 1.96 
22.9 22.8 2.0 

23.1 21.2 3.23 
20.5 18.4 0.84 
17.7 17.2 0.57 
10.9 12.4 0.28 
12.1 6.8 0.59 


This tabulation shows a pretty thorough lack 
of parallelism between the absorption values and 
the permeability values. It was stated by the 
authors also that similar tests were made with 
sand-lime brick since the paper was written, 
and these also showed lack of agreement between 
porosity and permeability. 


——__—_ —____¢@— 


A Steam Snow-Plow for an Electric Railway in 
Switzerland, illustrated in “Schweizerische Bau 
zeitung” of July 29, has some features of novelty 
The railway is the meter-gage Berninabahn, com- 
pleted last year; its line has some 7% gradients 
and curves as sharp as 148 ft. radius. Snow- 
plows which acted by shoving the snow aside 
proved entirely inadequate for handling the heavy 
drifts, and it was decided to procure a rotary, as 
used in America, in Norway, and on the St. Gott- 
hard railway. The power required was estimated 
at 500 to 600 HP. for the rotary and 300 to 4060 
HP. for propulsion of the machine. The con- 
ductor wire could not deliver such an amount of 
power, however, and chiefly for this reason a 
steam plow was ordered. The sharp curves of the 
railway demanded a self-propelling plow rather 
than one which would be pushed by locomotives, 
and the wheel arrangement had to be such as to 
give great flexibility. As built (by the Winter- 
thur Locomotive Works) the machine is carried 
on two three-axle steam-trucks, each having two 
12 x 14-in. cylinders, the head ends of the cylin- 
ders facing each other at the middle of the loco 
motive. The wheels are 30-in., and the wheel- 
base of each truck is 5.6 ft. A frame of steel 
channels rests on the trucks by center pins and 
lubricated side bearings, the boiler and the rotary 
with its engine resting on this frame. The 8\%-ft. 
rotary has a shaft of 7.1-in. journal diameter, 
bevel-geared at its rear end to an engine shaft 
driven by two 12 x 14-in. cylinders set on top 
of the frame about at the center line between 
trucks. The gearing reduces the engine speed 
1:1.9. The casing of the wheel is cylindrical at 
the rear, and flares outward to square shape at 
the front, about 9% ft. wide. Lateral wings en- 
able a total width of 11% ft. to be cleared. The 
wheel can work in either direction of rotation: 
pivoted cutterg at the front edge of each blade 
are set to the proper position by the snow pres- 
sure. Its normal speed is 160 r. p. m. The whole 
machine is enclosed above the frame by a wooden 
cab. A separate four-wheel tender is provided. 
Exclusive of tender the locomotive plow is 32 ft. 
long over all, and has a total wheel-base of 18.9 
ft. Its loaded weight is 60 tons. 
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Improving the Inland Port of Nantes, 


France. 

Inland seaports, located on the tidal portions 
of rivers, have to face certain disadvantages 
due to the increasing size of ocean steamers (and 
the consequent difficulty of creating and main- 
taining navigable channels of the necessary size) 
and to influences (such as floods or silt-bearing 
waters) which necessitate river regulation work 
of-some kind. An interesting case of the fight 
of an inland port to retain its traffic, in the face 
of the above difficulties and of competition with 
a river-mouth port is afforded by the city of 
Nantes, France. The silting up of the river 
Loire had almost killed this city as a port, but 
it has largely regained its position by providing 
first a canal and then a deep-water channel in 
the river, while now it is proposed to go still 
farther and canalize a portion of the river by 
means of a dam and locks, and to provide a new 
river channel to the city. We give below a brief 
description of the new works and of the condi- 
tions which have led to their being undertaken, 
this being condensed from an article in “The 
Engineer,”’ of London. 


The town of Nantes is 35 miles from the sea, 
and is both a maritime and a river port. The 


care of itself. It was found, however, that traffic 
in anything which was not actually for local 
consumption at Nantes became impossible on 
account of the exorbitant charges for carriage 
and for the manifold handlings necessary, and 
the merchants realized that at all costs this state 
of affairs must be altered and means found to 
allow sea-going vessels to run up to the quays 
of their own city without unloading. After years 
of strife, they succeeded in carrying out improve- 
ment works in certain portions of the river, and 
constructed the “Canal Maritime de la Martiniere.” 
This artificial channel (shown on the accompany- 
ing map) is 12 miles in length, and enables ships 
to escape that portion of the river which offers 
the greatest difficulties to navigation. Moreover, 
by it vessels drawing as much as 19 ft. of water 
can steam up to Nantes. From the very mo- 
ment it was opened the trade of the inland port 
began to increase; the increase was due to the 
eanal alone as the river traffic continued to be 
practically nothing. {The freight received and 
shipped increased steadily from 543,000 tons in 
1893 to 1,533,700 tons in 1910.] 

The Maritime Canal only permits of the passage 
of vessels of a maximum length of 394 ft. a 
maximum beam of 55 ft., and a maximum draught 
of 19 ft. Little by little it became too small as 
the vessels coming to Nantes became larger, and 
the activities of the port authorities were turned 
in the direction of improving the river itself. 
They certainly approached the work in no nig- 


either drives a propeller or the . 
ratus. With 500 IL. HP. the Speed 

The vessel is fitted with a ch 
with an output of 800 cubic mete, 
also with a suction pipe and ag 
worked in connection with a «~ n 
The material to be dredged js }, 
means of a disintegrator. The dre 
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MAP SHOWING THE IMPROVEMENT WORKS ON THE RIVER LOIRE, BETWEEN THE R!VER-MOUTH PORT OF ST. NAZAIRE AND THE INLAND 


river Loire is tidal to a point some 10 miles 
above it, and it is also served by the rivers Erdre 
and Sevre, which are both canalized. The estu- 
ary of the Loire is as utilizable for shipping pur- 
poses as is the Clyde, and it is hoped that, with 
the improvements which are now under way and 
which will be undertaken in the near future, it 
will develop into the point of departure of a 
navigable waterway, which would extend to Basle 
(Switzerland) and to which all the other water- 
ways of France would link themselves. 


The basin of the Loire has an area of 69,113 sq. 
miles, and contains about 12,000,000 inhabitants; 
very nearly one-third of the total population of 
the whole of France. The river has its origin 
in the deforested central portion of the country. 
During its course it passes over much friable 
rock, and consequently its waters bring down 
large quantities of sand. It is subject to sudden 
and devastating floods, though its average fiow 
is small, for it has neither in filtration water nor 
that provided by glaciers, as have the Rhone and 
the Rhine. Until the forests were cut down and 
before the advent of the railways the river traffic 
was of considerable importance, and numerous 
lines of steamboats provided for the carriage 
of passengers. But in consequence of the de- 
forestation the sand invaded the bed of the river, 
and little by little the channel became choked, 
navigation became more and more difficult, until 
when the railway came to compete with it, it 
very nearly disappeared. The towns on its bank 
shrank in size. The sand blocked the estuary 
as well, and eventually Nantes could only accom 
modate vessels of some 300 tons burden, and 
sank to twelfth rank among ports of France. 

The necessities of the case caused the port of 
St. Nazaire [at the mouth of the river] to spring 
into prominence. The river was left to take 


PORT OF NANTES (FRANCE). 


gardly strain. It was decided to improve certain 
parts and completely to modify other portions 
with the idea of obtaining a navigation channel 
with a minimum depth of 26 ft. 3 ins. 


From a point marked B, just below the upper 
lock of the Maritime Canal, an entirely new river 
bed is being formed, which is to be contained 
between specially constructed banks. This type 
of river improvement is already in existence be- 
tween Nantes and the Martiniere Canal. The 
width between the banks in the new works is to 
vary between 1,148 ft. up-stream to 2,624 ft. down- 
stream. The islands, sand banks, and shoals 
which lie between the lines of the two containing 
banks are to be removed by powerful dredges. 
The dredged matter is to be deposited on the 
landward sides of the river walls, so that land 
will be reclaimed and the walls themselves 
strengthened against the action of the water. 


More than 10,000,000 cubic meters of sand and” 


alluvial deposit, will have to be dealt with in this 
manner, and it was estimated at the commence- 
ment that the work would occupy three years. 
When it is completed, the river will have an 
uninterrupted channel in which strong ebb and 
flow currents will be experienced, which, it is 
thought, will prevent the deposition of the sand 
and keep the passage free, so that when once 
dredged the channel will maintain its depth un- 
assisted. 


The cost of dredging is estimated at about $5,- 
000,000. This work has been entrusted to the 
Tilbury Contracting & Dredging Co., of London, 
which has had a special dredge constructed for 
the purpose. This vessel has a total length of 
174 ft., a maximum beam of 32 ft., a molded depth 
of 13 ft., and a displacement of 1,000 tons. It 
draws 8 ft. 3 ins. of water, and is fitted with two 
sets of triple-expansion engines, each of which 


depends upon the lowest level of the water in 
the river itself. By reason of the dredging which 
is being carried on, the slope of the river bed 
is constantly increasing, and the flood tide flows 
with such force and speed that the correspond- 
ing ebb is also great, the tendency being to 
lower the river level more and more at times of 
low tide. This lowering of the river level is 4 
very serious matter, as it means that the tide- 
or perhaps it would be more correct to say the 
sea—is getting the upper hand. The sand banks 
of the Loire are wonderfully stable; their move 
ments are slow, and after each winter it used to 
be quite easy to put the channel again into the 
same condition in which it was before the floods. 
It is a comparatively easy matter to manage 
river, but it is a very different question indeed 
to fight the sea and to protect the port from 
the matter the sea brings up with it. Ten months 
dredging might well be ruined during the two 
remaining months of the year. 

To obviate these inconveniences, to counteract 
the effects of the more decided ebb which the 
slope given to the channel produces, and to pre 
vent the large vessels which can come UP quite 
easily from finding themselves high and dry # 
low tide. It has been suggested to canalize the 
river for a length of 3 or 6 miles, according © 
different proposals, by means of a dam 
*fOne of the plans is for a dam and 725-ft. Jock 
at A, on the accompanying map, with @ ne¥ 
river channel to the city; above the city there 
would be a dam to control the floods and check 
the silt-bearing waters, and this yuld have 
locks for river vessels. The other pian is for® 
dam and 725-ft. lock at B; this wou!i create * 
canalized conditior all the way from the ne* 
ship canal to the city—Ed.] 
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No longer ago than 1903 


A Notable there was put in use in Aus- 
Corrosion tralia a steel pipe line 30 ins. 
Study of the in diameter and slightly over 
ded Wee 350 miles long. Before the 
Conduit in the Pipe line had been in use 
World. three years, considerable anx- 


iety was caused by corrosion. 
Investigations were immediately set on foot, 
and as the trouble increased so did the 
study which was put upon the effort to learn why 
the pipe had corroded and what means could be 
taken to prevent its early destruction. We say 
early destruction because while the number of 
perforations of the pipe were small per mile they 
were particularly serious in view of (1) the great 
length of the pipe and (2) the fact that it was 
operated as a force main made up of many sec- 
tions each with its own pumping station, so that 
a relatively few leaks in a year, considering the 
length of the pipe, might virtually keep it out of 
service a large part of the time. Moreover, not 
only was there external corrosion and leaks, but, 
what was perhaps more serious, there was in- 
ternal corrosion and tuberculation, which was 
rapidly diminishing the carrying capacity, or in- 
creasing the pumping head, of the force main. 
The studies relating to the corrosion of this main 
extended through five years, and were partici- 
pated in by a considerable number of Australian 
engineers and analysts, and later by a commis- 
Sion of British engineers and analysts. Finally, 
the various problems involved, together with the 
various reports and the advice of the British 
commission, were referred to a Department 
Board for consideration and recommendation. 
This Board made its report early in 1910, and in 
July of that year steps were taken to carry out 
its recommendations. It should be noted, how- 
ae that from the beginning of the discovery 
: external corrosion work was prosecuted for 
‘topping the external corrosion at the points in 
the pipe line where it was at its worst. 
oe #s the reports dealing with the cor- 
is ents t es oolgardie conduit, as this pipe line 
* , not readily accessible in this coun- 
’ We give considerable space to an abstract of 
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them which appears elsewhere in this issue. The 
reports having been made over a considerable 
period by various men dealing with the subject 
from different viewpoints, no little time and pains 
have been taken in regrouping the information 
and opinions given in order to present in logical 
order the story of the corrosion and of the sug- 
gested means for overcoming it. 

Having given so much space to our abstract 
of the reports, we will not duplicate the informa- 
tion there given by even a brief outline of the 
conclusions of the various investigators further 
than to call attention to a few salient points. 
The first of these which we shall mention is what 
appears to be a very unique proposition for pre- 
venting internal corrosion: treating the water 
with lime. The erternal corrosion is to be com- 
bated by exposing and recoating the pipe in those 
stretches where topography, soil and moisture 
conditions conspire to cause heavy corrosion, 
while, in addition, the conduit where exposed in 
the future will have placed under it a cradle of 
lime-concrete. This, it is interesting to know, is 
almost the only recommendation of the British 
experts adopted by the Australian authorities, 
so far as the prevention of corrosion is concerned. 

The last remark leads us to say that the Brit- 
ish experts were inclined to blame everything 
connected with the corrosion of the pipe, or un- 
satisfactory results with the supply in other par- 
ticulars, upon the failure of the Australian au- 
thorities to carry out to the letter the recom- 
mendations of an earlier British commission 
which had been called upon for advice during 
the period of design and construction. The De- 
partmental Board and several of its ind:vidual 
members in special reports all came strongly to 
the defense of these departures from the recom- 
mendations of the earlier Commission. 

It may also be noted that the British experts 
based their recommendations for treating the 
water (by de-aeration) on the theory that the 
cause of internal corrosion was free oxygen in 
the water carried by the pipe. This they did, 
although they seemed to accept the present-day 
electrolytic theories of corrosion. The Australian 
engineers and analysts adopted hydrogen as the 
inciting cause of the internal corrosion. 

Some of our readers will be particularly inter- 
ested in the portions of our abstract dealing with 
the relative powers of cast-iron and steel to resist 
corrosion, and particularly in the testimony to the 
effect that mild steel is fully as resistent as cast- 
iron, while the resistance of the latter, as here- 
tofore held by many, is often more apparent than 
real. 

Finally, we call attention to a point which has 
nothing to do with the corrosion of the pipe line. 
but has considerable general interest. That is 
the great length, considerable diameter and enor- 
mous pumping head overcome in order to supply 
a few million gallons of water daily, nearly all 
of which is delivered at the extreme end of this 
30-in., 350-mile pipe line. 

o———- -—-— 
Every one who has followed 


Another the work of our state boards 
Victim of of health knows that within 
Partisan the last dozen years or so the 
Politics. Ohio Board has risen to de- 


served prominence. This has 
been largely due to the services of Dr. C. O. 
Probst, who has gained a national reputation in 
health-protective work, as has been evidenced by 
his secretaryship for many years and later .his 
presidency of the American Public Health As- 
sociation, as well as by the prominent part which 
he has taken in other national health and med- 
ical societies. Now, after twenty-five years of re- 
markably efficient service, Dr. Probst has felt 
that both his sense of duty to the state and due 
regard for his own honor have compelled him to 
resign his position. 

Two years of opportunity to fill vacancies on the 
Ohio State Board of Health has given a governor 
with a different political faith than his predeces- 
sor control of that Board. The first notable re- 
sult of this change which came to our attention 
was the dismissal, almost without a moment’s 
warning, of a large part of the laboratory force 


to 
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of the Board, including its head, Mr. B. R. Rick 
ards, who had but recently left his position as 
head of the laboratory of the Boston Board of 
Health to take up a similar position with the 
Ohio Board. Not thinking it wise or being un- 
able to dispose of Dr. Probst in such summary 
fashion, the Board has hampered him in his 
work, according to his own public statement, and, 
in addition, has subjected him to the humiliation 
of appointment for a year only, whereas here- 
tofore he has held his office as a permanent one 
His appointment for a year, we understand, was 
made against the legal advice of the attorney- 
general of the state, who had reported that the 
only way to get rid of the Secretary was to bring 
charges against him. 
is as follows: 


Dr. Probst’s own statement 


After mature consideraticn I have decided to 
resign as Secretary of the State Board of Health 
I do this because under the present regime I am 
no longer permitted to direct the work along 
lines that seem to me of the most importance and 
for the best interests of the state. 

Furthermore, the recent action of the Board in 
re-electing me its Secretary for a term of one 
year, a thing that was never done before and is 
not contemplated under the law, makes the ten- 
ure of office so uncertain that no executive of- 
ficer, even if unhampered, could count on carry- 
ing out broad and definite policies requiring time, 
wa is absolutely essential in public health 
work. 


If there is any branch of the public service 


which should be free from politics it is certainly 
the one responsible for protecting the health and 
very lives of the people. And it is likewise true 
that health-protective work, involving as it does 
plans looking far into the future, is in particular 
need of direction by a staff sure of continuance 
in office during good 
service. 


behavior and _ efficient 
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fhe measures employed in 
Pittsburgh to minimize the 
electrolytic destruction of un- 
derground structures, noted 
on another page of this issue, 
are of great interest, first, 
because of the discussions which have waged over 
the danger rather than the relief that would come 
from these particular methods (bonding the pipes 
to the negative bus-bars of the power-house), and, 
secondly, because of their bearing on the trend of 
judicial regard of interference of two public utili- 
ties. The cause for fear has rested chiefly in the 
prophesied inability to bond sufficiently well or on 
a large enough scale and in expected deterioration 
of calked joints. In the Pittsburgh case, how- 
ever, these fears have not been realized in the 
few years since the work was completed and the 
progress of destruction seems to have been ar- 
rested. The chance of loopholes for leakage cur- 
rents seem to be smaller, under the peculiar con- 
ditions there, than if insulating joints had been 
put into the pipe lines at numerous intervals. 
The bonding that was done appears to have been 
completed cheaper and quicker than insulating 
joints could have been slipped into place. Com- 
plete insulation of pipes was apparently as much 
out of the question, from the unwarranted ex- 
pense and practical difficulty, as a two-conductor 
conduit or overhead system for the street rail- 
way. 

The benefits that seem to have been secured 
in this case are not to be taken as an unqualified 
recommendation of the broad use of pipe-to- 
track bonding schemes. A warning still needs 
to be given against such promiscuous bonding; 
the work should be done as dictated by the re- 
sults of careful electrical studies, before and 
during the work, by a competent electrical engi- 
neer. 

There seems to have been some murmuring in 
the Pittsburgh case because the street railway has 
profited from the pipe bonding through improv- 
ing the return circuit for its traction current by 
the addition of the pipe-lines as conductors. This 
seems a little like the old unjustifiable condem- 
nation of any sort of cooperation with a public- 
utility corporation, even when the result would be 
an improvement of service. The water depart- 
ment permits thé use of its pipe lines as an elec- 
trical conductor and receives in return protec- 
tion against electrolytic destruction. The rail- 
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way cOmpany assumes the burden of the pro- 
tective work of bending the pipes and the re- 
sponsibility of maintaining protection by keep- 
ing the bonding system to correspond with 
growth of the railway lines and service. This 
seems to meet. present ideas as to the reasonable 
cooperation demanded in such cases by the de- 
cision of Judge Sanborn, in the Peoria electro- 
lysis suit,- which we printed at length in our 
issue of Nov. 17, 1910. 

Defendant should be enjoined from continuing 
the injury to complainant's water mains and ser- 
vice pipes and should be given a reasonable time 
to take such measures or put in such improve- 
ments in its negative return as will substantially 
prevent injury. This should be on condition that 
complainant cooperate with the defendant so far 
as reasonable and eee in aiding it to prevent 
or lessen the escape of current from its rails, or 
in provenne the escape of current from the 
water pipes in such manner as to cause injury 
theretc. 

Whether or not the Pittsburgh authorities as- 
sumed more than a reasonable share of the bur- 
den is largely a local question. . 


——_—————_e 

The interesting remarks on 
“The Paucity of Instruction 
in Agricultural Engineering 
in the Land-Grant Colleges,” 
which we reprint elsewhere 
in this issue, seem to take it 
for granted that the farmers of the United States 
would employ engineers if only men fitted to do 
the work which the farmers have in hand were 
available. While it may very well be that large 
sums of money, made available during the past 
few decades under the Morrill Act, have been 
used for quite another sort of technical educa- 
tion than was intended by the far-seeing Vermont 
statesman, we think if the farmers had really 
wanted engineers, not only the land-grant col- 
leges, but other colleges with courses in engi- 
neering would have done their part to supply the 
need. Furthermore, we are strongly of the opin- 
ion that in most parts of the country there are 
plenty of not over-busy engineers who are fully 
competent to do any engineering work which the 
farmers are willing to put in their hands. 

We do not mean to dispute the assertion con- 
tained in the article that the Department of Ag- 
riculture is besieged with letters from farmers 
inquiring how they shall line irrigation ditches, 
construct reservoirs, install pumps, erect wind- 
mills and drain lands; but, if we are not greatly 
mistaken, most of these inquiries have as their 
fundamental object the securing of free advice 
and are not prompted because engineers are lack- 
ing to answer the questions asked—and give right 
answers, too. : 

Whether or not we are right in our opinion, it 
is undoubtedly true that the time has now ar- 
rived when serious attempts will be made to 
turn some of the innumerable recruits who go 
from our technical schools to join thé ranks of 
the engineering profession every year away 
from the older and more over-crowded branches 
of engineering and into such lines as agricultural 
and what may be more broadly termed rural 
engineering. It goes without saying that some 
variation, at least in training, is needed to fit 
men for these lines. It also goes without saying, 
as we have already tried to emphasize, that 
something should be done to educate both the 
agricultural and the general public to the need 
for and value of the services of engineers in con- 
nection with agricultural work. When we speak 
of the value of such work, we mean not only 
the value as measured by results which may be 
achieved, but also as measured by worthy serv- 
ice for which ample payment should be made. 

As many of our readers know to their sor- 
row, farmers as a class are loath to pay out 
good money for professional services, and no lit- 
tle educational work will have to be done before 
their willingness to do this increases to such an 
extent as to make any very heavy demand on 
the engineering schools to turn out agricultural 
engineers. 

Perhaps the greatest promise of better recogni- 
tion of the need and value of engineering work 
from the farmers lies in an increase in the 
amount of instruction in engineering subjects 
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given to students in the agricultural schools. 
Some knowledge of engineering principles and 
practice, even though that knowledge were ele- 
mentary, would lead the progressive young 
farmer to appreciate the value of the services of 
the professional engineer and to call upon him 
more frequently for assistance when he was con- 
fronted with problems out of the ordinary. The 
example of a good sprinkling of farmers who 
had thus benefited from instruction in agricul- 
tural schools would gradually be followed by 
men who had not had the benefit of such train- 
ing until finally there would be a fair demand 
for the services of an engineer in prosperous 
and progressive agricultural sections of the 
country. However all this may be, we think 
every one will agree that as soon as any consid- 
erable demand for agricultural engineers arises 
engineers and schools alike will rise in meet it. 
es 


Considerable disappointment 
was expressed last year by 
engineers who attended the 
National Conservation Con- 
gress because so little atten- 
tion was paid to what they 
considered to be the engineering and other prac- 
tical phases of conservation. We are informed 
that those in charge of the third Congress, which 
is to be held at Kansas City, on Sept. 25 to 27 
of this year, are taking much pains to secure a 
full representation from members of the engineer- 
ing profession in general and from the various 
engineering societies in particular. To this end, 
we understand that invitations are being sent 
to all the societies listed in our issue of Aug. 38, 
1911, requesting that delegates be appointed to 
attend the Congress. If, therefore, the engineer- 
ing profession and engineering subjects are not 
properly represented at the Congress and upon 
its program, it would seem to be the fault of en- 
gineers themselves—provided, of course, that the 
program for papers and discussions is so ar- 
ranged as to give engineers and engineering an 
opportunity. We would suggest that those who 
are particularly interested in this subject, espe- 
cially if they have specific suggestions in the way 
of topics for discussion, communicate at once 
with Mr. Thomas R. Shipp, Executive Secretary, 
National Conservation Congress, Washington, 
D. C.,:or Mr. J. B. Hoyt, Chairman, Executive 
Committee, Kansas City, Mo. ‘ 


The Importance of Proper Ballasting as an 
Element of Track Construction. 


In the investigation of track materials and 
construction, with a view to securing greater 
efficiency and economy of the track structure un- 
der conditions of modern heavy traffic, much 
more attention has been given to the rails and 
ties than to the ballast which forms the founda- 
tion of the track and is an integral part of it. 
Studies of the form of section and methods of 
manufacture of rails, and studies of the pres- 
ervation of ties by chemical treatment and pro- 
tective tie-plates, have occupied the careful at- 
tention of engineers for many years, with the 
result that very great improvements have been 
effected in all these directions. But only within 
comparatively recent years has it been realized 
or recognized in a practical manner that the 
ballast is a highly important factor in securing 
good track, and that great improvement in the 
economy and the riding quality of the track 
structure may be obtained by giving greater at- 
tention to this factor. This improvement in- 
creases in importance with the increase in loads 
and _ traffic. ‘ 

As far as engineering considerations are con- 
cerned, the ballast has been regarded in a some- 
what perfunctory manner, and as a factor of 
secondary importance, belonging to the field of 
the practical track man rather than to that of 
the engineer. In this .respect we have been 
somewhat behind European railway engineers, 
who for many years have studied and written 
about this element of track construction, both 
in regard to its theoretical and practical aspects; 
and they have looked at it from the point of view 
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of the engineer instead of that of : 
or the section foreman. 

We by no means desire to depre. 
of the work of the roadmaster and 
their work is to use the materi 
and to use it in a prescribed man: 
to conduct investigations as to t} 
material or the best. methods fo; 
design of rails or the determinat 
preservative for wood ties, for 
never be considered as matters wit 
functions of the roadmaster. N 
to imply that the proper charac: 
ballast have been overlooked ent 
neers. But their investigations ha, 
with regard to the ballast itsel: 
pendent unit, rather than with reg 
tion to the track as a whole. T} 
been extended reports and discuss 
Telative merits of stone, gravel an 
rials; the best size of stone, the c: 
the ballast bed, and the thicknes 
As to these points, the recomme: 
have been based upon opinion an 
perience rather than upon a scienti 
the conditions. In fact, there has 
what wide impression that the 
bed of some loose material, fairly rd and we 
draining, but that large expenditures in getting 
specially good material would not warranted 
and that -mathematical or theoretical analysis 
of the ballast problem would be an 
refinement. ° 

We hasten to say here that there have bee 
important exceptions to the foregoing gener) 
statement, and there is an evident tendency to, 
more correct appreciation of the situation. Some 
of the engineering studies of the subject are re. 
ferred to later, and we believe that the recent 
investigations on the Pennsylvania Lines (which 
are dealt with in more detail elsewhere) appear 
to give the most useful and practica! results un- 
der conditions of American railway practice as 
compared with any other investigations of this 
kind. This is due partly to the carrying out of 
a complete series of tests, each set supplement- 
ing the previous tests; and partly to the fact 
that the tests were carried out on the scale of 
actual track construction, and under conditions 
closely reproducing those of actual traffic. 

The studies of foreign engineers in this direc- 
tion have been directed in four lines: (1) theo- 
retical analysis of the problem of ballasting, with 
due regard also to practical conditions and limi- 
tations; (2) tests with small-scale models, which 
give valuable information, even if the results are 
not always directly applicable to actual track; 
(3) tests on a largé scale, with actual ties and 
ballast, and some means of applying intermittent 
loadings of varying intensities; (4) observations 
of the behavior of actual track (whether of spe- 
cial or ordinary construction) for periods of sufi- 
cient length to permit of the determination of 
definite conclusions. In this country, such studies 
as have been made are included mainly in the 
first class noted above, though a larger develop- 
ment in the fourth class may be expected. 

The general purposes and functions of the bal- 
last are set forth clearly in the following para- 
graph from Tratman’s “Railway Track and 
Track Work” (1908). 
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The ballast is a most important item in secur 
ing good track, with economy in maintenance and 


operation. Its’purposes are (1) to distribute the 
load over the roadbed, (2) to form « support for 
the ties, (3) to provide efficient drainage under 
and around the ties, and (4) to allow of surfac 
ing and raising track without disturbing the 
roadbed. It should not be laid until the roadbed 
is finally completed to grade and shuld not be 
used for raising banks to grade. The quantity of 
ballast should be liberal, with a dept! of at leas! 
12 ins, under the ties for track with ! avy traffic 
and the depth should be kept as uniform as poe 
sible. Where an old roadbed has ber). frequently 
reballasted, the ballast will be found extend to 
a considerable depth, gradually beco: ng poorer 
from being worked into the soil. T! = makes * 
good foundation for the ballast prope’, but 4 bed 
of sub-ballast would be cheaper. A> ‘he ballast 
gradually works’ into the roadbed i‘ ecessarily 
settles from beneath the track, so th © continual 
tamping and filling are required to » intain th 
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i, gurface. The settlement being very un- 
track “D  aimicult to maintain a uniformly good 


even it oe . :pport under the ties. Under these 
pallast @n° \s well to provide for thoroughly 
conditions ig the roadbed in the first place and 
consolidat “tes t with a foundation course of sub- 
then 0 CO is may be a 6 to 8-in. bed of rough 
ballast. tones laid on edge, as in-telford paving; 
sae be of broken brick, gravel, coarse slag 
tip This foundation will assist drainage, 
“ Soe abed from becoming soft, and keep 
vege proper from sinking into the roadbed. 
It has been urged at different times that econ- 
i ik track maintenance might be secured by 
4 carefu construction and finishing of the 
more ¢é 


jped, So as to obtain a dense mass and a 
cenit ed surface as a floor to carry the 
ailast. Th - would mean the construction of 
aiusy embankments in somewhat the same 
og yeservoir banks and drainage levees, 
mass With slight settlement and 


Net 
hard well-S! 


way 


where a dense 

aes ‘aie surface is necessary. But such meth- 
nje of construction, with the selection of mate- 
rial and the use of heavy rollers to compact the 
material and produce a hard surface for the 


roadbed proper, must be considered as quite out 
of the question under conditions of railway 
mpilding, Allowance must be made, therefore, 
for some loss of ballast on new work, due to its 
being gradually worked into the surface of the 
roadbed. 

This compression or depression of the roadbed 
and consequent settling of the track may con- 
tinue for a considerable time. It will occur to 
some extent on the very best roadbéd; its ex- 
tent and duration will depend largely upon the 
material and character of the roadbed, the at- 
mospheric conditions and the amount of traffic. 
In addition to this, there is a certain amount of 
crushing and settling and displacement of the 
ballast itself, due to loads, vibration, wind and 
rain, etc. For these reasons (among others) Eu- 
ropean railways have long used a sub-ballast bed 
for purposes of .efficiency and economy: effi- 
ciency in increasing the permanent stability of 
the track, and economy in avoiding an excessive 
use of ballast proper. In this country, com- 
paratively little has been done in this direction, 
but the investigations on the Pennsylvania Lines 
point to the desirability of the introduction of 
this feature in track construction, as a means of 
increasing the efficiency and permanence in an 
economical manner, 


This bed of sub-ballast must not be confused 
with the bed of cinders very: generally used to 
remedy conditions of soft spots in roadbed. In 
a paper on “Drainage of Soft Spots in Old Road- 
bed” (Proceedings of the American Railway En- 
gineering Association, 1907), Mr. W. M. Dawley, 
of the Erie Ry., reviewed the causes of these soft 
spots and their deteriorating effects upon the 
track. He pointed out that the attempt at rem- 
edy is usually the arbitrary one of tamping and 
retamping the ballast, and finally laying ashes or 
additional ballast, or placing drains which do 
not really tap the soft spot. Examples of ex- 
cessive movement of track and deformation of 
roadbed under such conditions. are of very gen- 
eral experience. It should be said, however, that 
in recent years much more attention has’ been 
paid to the drainage of the roadbed by effective 
methods, in order to remove and prevent trouble 
due to soft spots. In this connection we may 
call attention to the suggestion by Mr. Schubert 
(mentioned further on) in regard to the use of a 
concave roadbed with longitudinal central. drain. 
Such a roadbed,. but with lateral drains only 
(and for embankments only, we believe) was pro- 
posed if not actually used on some part of the 
Eastern Ry. of Franee, several years ago. 

We have referred at some length to roadbed 
‘onditions, since these are closely related to the 
ballast condivions and the track in general. We 
come now to the consideration of some special 
anvestigations as to these relations, the investi- 























































ations relating mainly to the proper use of the 
ballast rathe- than to the character or quality 
of the mater’! itself. "This latter aspect. of the 
ballast question has been dealt with in numer- 
Us Papers ard reports. We take up first some 
of the foreign 





investigations, and refer to them’ 
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more particularly for the reason that these par- 
ticular investigations (by Mr. Schubert and Mr. 
Braiining) have been translated into English and 
thus made more directly available for American 
engineers, few of whom would see or study in- 
formation of this kind in fore‘gn publications. 

One of the serious troubles in regard to road- 
bed and track maintenance is the deformation 
of roadbed in clay formation. Under the effects 
of the traffic loads, the clay works up in ridges 
between the ties, displacing the ballast, so that 
in time each tie lies in a trough of clay. This 
condition has been investigated very carefully in 
Germany by Mr. Schubert, and the results of his 
work were given in the “Proceedings” of the 
American Railway Engineering Association for 
1906. During the years 1887-1890, he made a 
series of experiments with models of reduced 
scale, and from these studies it was determined 
that such deformation would not occur if the 
depth of ballast beneath the ties was made § ins. 
greater than the clear space between them. But 
Mr. Schubert went further than this. In addi- 
tion to suggesting an unusual depth of ballast, 
he made the rather radical suggestion that in 
clay cuts the roadbed should be concave; the 
center to be 3.28 ft. below base of rail and to 
have a tile drain. The use of a concave roadbed 
on cuts, in France, has been mentioned above. 
If the ordinary or convex surface is retained (in 
clay cuts), Mr. Schubert would lower the sub- 
grade so as to give the ballast a depth of 3.28 
ft. at the middle and 4 ft. at the sides (for 
double track). Concave roadbeds have been em- 
ployed to some extent for highways in the south- 
ern part of this country, in districts liable to 
floods, according to a bulletin issued by the U. 8S. 
Office of Public Roads. With a width of 15 ft., 
the depression at the center is about 12 ins. The 
concave roadbed is filled with stone, broken 
brick, or sand; large stones or pieces are put at 
the middle to form a drain, but there are no 
laterals. 

Following the publication of the results of the 
studies made by Mr. Schubert, objections were 
made to the use of a deep ballast bed on the 
ground that the conditions assumed (that is, in 
regard to the abnormal movement of the road- 
bed surface in clay formation) did not exist in 
practice, and that such quantities of ballast were 
excessive, involving unnecessary expense. But 
later investigations of existing railways showed 
exactly the conditions which Mr. Schubert had 
deduced from his experiments. Observations on 
one railway showed that in 1% years after the 
construction of the line the depressions under 
the ties were 4 to 5 ins. deep, while a year later 
this depth had increased to 14 ins. Photographs 
of this track at three different periods showed 
first a wavy surface of roadbed, then a pro- 
nounced wavy surface (with the bottom of the 
depressions nearly flat), and finally a distinct 
trough form with almost vertical sides to the 
clay ridges between the ties. This track had 
only 8 ins. of ballast, but. a- generally similar 
effect was found on a line which had been given 
20 to 24 ins. of ballast on account of the clay 
formation. In this latter case, however, the 
ridges were narrow and of triangular form, 
showing the effect of the heavier ballast bed in 
reducing their size. 

It was found also, that while the railway regu- 
lations required 8 ins. of ballast as a minimum, 
this had been generally consideved by the con- 
struction officers as a maximum, quite regardless 
of the character of the roadbed or subsoil. The 
result was an excessive cost of maintenance far 
outweighing any saving in cost of original ex- 
cavation or ballast. Such a condition is by no 
means unknown in this country. Mr. Schubert 
recommended, therefore, that the standards 
should require for clay roadbed a ballast depth 
at least 8 ins. greater than the clear space be- 
tween the ties, and that 6 ins. of sand or other 
porous material should be used for the bottom 
part of this ballast. This latter feature of sub- 
ballast we refer to again later on. 

His investigations went into the question of 
the most suitable material for ballast; and ex- 
periments were made by filling boxes with differ- 
ent kinds of ballast and placing at the top a 
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tie tamped in the usual way. The tie was then 
subjected to a load which was applied and re- 
leased alternately by means of an eccentric, in 
order to represent the action of the wheels of a 
train. After a certain time the ends of the box 
were removed and the conditions of the ballast 
observed. The conclusions arrived at were that 
the best stone ballast was needed for a traffic 
of 2,000 or more axles per day; with a traffic of 


1,000 to 2,000 axles, stone of medium quality 
would suffice, while with small traffic screened 
gravel or even common gravel would be suffi- 
cient. It was also concluded that as the depth 


of stone ballast increased, the distribution of 
pressure upon the roadbed became more uniform. 

It is of interest to note that Mr. Schubert 
found at a large basalt quarry an accumulation 


of basalt screenings (%-in. to 1%-in. in size), 
this material not being considered suitable for 
railway ballast. Tests showed very good re- 
sults, however, and he recommended its use. It 
would appear that this material (a product 
of the crusher) resembles the disintegrated 
granite (a natural product) which is used on 
some western lines in this country and which 
has proved to be a very satisfactory material 
It is available, of course, only in certain dis- 
tricts. 


The investigations by Mr. Schubert related en- 
tirely to stone ballast. But many railways are 
compelled to use gravel ballast, or find it suit- 
able and economical under their conditions of 
traffic. The conditions with this material may 
be different from those occurring with stone bal- 
last. With this idea in mind, an investigation 
was made by Mr. Bratining (in Germany) which 
included experiments with models as well as ob- 
servations of actual conditions on certain 
stretches of track. Here again it was found 
that wherever clay or clay-bearing soil existed 
in the roadbed there was trouble, especially in 
regard to heaving by frost. The material of the 
ballast has no effect upon this condition, and in 
order to eliminate deformation of the roadbed 
under the action of frost it is necessary that the 
roadbed (to a depth below the frost line) should 
consist of a material which is constant under 
the action of frost. He stated that any bed of 
clean sand (even-if composed of fine grains) 
would serve as a frost-proof subsoil. Among 
other matters which he investigated (by experi- 
ments with models) were (1) the flow of sand 
and gravel ballast under ties subjected to inter- 
mittent loading and to impact, and (2) the effect 
of moisture upon the carrying capacity of the 
ballast. 

An abstract of a paper by Mr. Braiining, re- 
viewing his experiments and observations, is 
given elsewhere in this issue. He recommended 
a. total ballast depth of about 22 ins., with the 
ballast proper not more than 12 ins., so as to 
leave at least 10 ins. for a sub-ballast of clean 
quick-draining sand. The ballast should be filled 
as high as possible between the ties, as this in- 
creases the carrying capacity of the ballast 
which directly supports the ties. The width of 
the tie is of importance, but commercial condi- 
tions govern in this respect, so that theoretical 
conditions cannot be carried into practice. The 
spacing of the ties is of greater importance, and 
with a space decreasing from 3% times the width 
to double the width of the tie, the carrying ca- 
pacity of the roadbed increases rapidly. In this 
respect Mr. Bratining agrees very closely with 
the views of Mr. Byers, mentioned below. The 
limit is the minimum spacing which will permit 
of proper tamping, which is given as 14 ins. 
clear (24 ins. c. to c.) for ties 6% ins. high. At 
joints, however, the spacing may be reduced to 
10 ins. in the clear for ties 12 ins. wide. 

There is no doubt that a careful and exact 
spacing of ties has an important influence upon 
the riding property of track and upon mainte- 
nance. In Europe, such spacing is very gener- 
ally observed, the width increasing gradually 
from the joint. In this country, however, the 
spacing is generally arbitrary and often irregu- 
lar (even on main track), although a closer spac- 
ing at the joints is common. 

While investigations of this kind have been 
conducted to a less extent and during a shorter 
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period in this country than abroad, American 
engineers have made some valuable contributions 
to the subject, in the way of both theoretical and 
experimental investigation. Mr. Thomas H. John- 
son (Consulting Engineer of the Pennsylvania 
Lines) made a study of the Schubert investiga- 
tions (noted above) and from this derived a for- 
mula showing the thickness of ballast necessary 
to produce an equal distribution of the loads 
upon the surface of the roadbed. In 1906, this 
formula and the Schubert investigations were 
brought to the attention of the American Rail- 
way Engineering Association* by Mr. W. C. 
Cushing (Chief Engineer of Maintenance-of-Way 
of the Pennsylvania Lines), who stated that he 
had experienced the same trouble with the de- 
formation of roadbed in clay cuts. A great “deal 
of this trouble is due to insufficient ballast and 
insufficient protection or blanketing of the clay 
surface. The adverse conditions are aggravated 
in this country by the enormous axle loads, and, 
said Mr. Cushing: “It is time for the mainte- 
nance-of-way engineer to endeavor to keep pace 
with the requirements of economical transporta- 
tion, which has called into existence the heavy 
axle loads.”” The idea suggested was not fol- 
lowed up by the Association’s committee on bal- 
last, its attention being given mainly to the con- 
sideration of the respective merits and proper 
use of different kinds of ballasting material. 


Later on, Mr. O. E. Selby (Bridge Engineer of 
the C., C., C. & St. L. Ry.) submitted to the as- 
sociation a paper on “A Study of the Stresses 
Existing in Track Superstructure, and Rational 
Design Based Thereon.”t He pointed out that 
when ties churn or track settles, it is not cus- 
tomary to investigate the reasons, to study the 
stresses to which the track is subjected, or to de- 
vise improved construction. The almost univer- 
sal remedy is simply to re-tamp the ballast or 
apply some additional ballast to bring the track 
to its proper level. Analyzing the stresses and 
taking the Johnson formula (noted above) for 
depth of ballast, he arrived at a required depth 
of 18 ins. of stone ballast for track carrying 
heavy traffic, with axle loads of 50,000 to 60,000 
lbs. This would be very costly, and it was sug- 
gested that economy would result from using a 
bed of gravel as sub-ballast. On the assumption 
that gravel has about half the cost and half the 
distributing value of stone, he proposed to use 12 
ins. of stone and 12 ins. of gravel, making a to- 
tal depth of 24 ins. instead of 18 ins. 

The assumption was made that the maximum 
load on a tie is half the axle load, but there is 
uncertainty as to the distribution of the load by 
the tie upon the ballast, due to the irregularity 
in the density of the ballast obtained by tamp- 
ing. Assuming, however, that the center is light- 
ly tamped and that the bearing is uniform over 
a length equal to twice the overhang (or 20 ins. 
each side from the rail) the load (under the as- 
sumed conditions) would be 4% tons per sq. ft., 
while with a lightly tamped center the load 
would 5% tons, giving an average of about 5 
tons. The unit stresses were found io be in 
many cases far in excess of what would be con- 
sidered safe or good practice in a bridge struc- 
ture; the result is seen in broken rails, cut and 
broken ties, loose and crushed ballast, and de- 
formed roadbed. To quote Mr. Selby: 

There is no more justification for continuing a 
small than a large structure in service with unit 
stresses higher than allowable, except that a fail- 
ure in the small one may not cause a disastrous 
wreck; consequently greater risk may be taken. 
This is the case with all the elements of the 
track except rail, hence we repair the failures as 
they occur and suffer a heavy maintenance ex- 
pense in order to save the first cost of a better 
structure. 

The subject was taken up in 1907 by the late 
J. W. Schaub, who pointed out that the distri- 
bution of load is effected by means of entirely 
independent supports (the ties), and placing upon 
the track department “the impossible task of so 
adjusting these supports that each shall bear an 
equal part of the load” (Engineering News, June 
18, 1907). To effect a better distribution and to 


*“Proceedings” American Railway Engineering 
Association (Chicago), 1906. 

tEngineering News, Feb. 14, 1907. 
ings,” American Railway Engineering Association 
(Chicago), 1907. 
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avoid the settlement, crushing and general dis- 
turbance or loosening of the ballast bed, Mr. 
Schaub proposed to lay the ties upon two lines 
of longitudinal I-beams embedded in the ballast 
and connected by tie-rods. These I-beams would 
not only assist in distributing the load from the 
ties to the ballast, but they would hold the bal- 
last in place, and also give to the rail a uniform 
support, which it cannot have when adjacent ties 
have varying values as supports. 

A thorough analytical study of the ballast and 
roadbed conditions was made by Mr. M. L. 
Byers (Missouri Pacific Ry.) in the paper on 
“Strengthening Track for High Speed Trains,” 
which he prepared for the International Railway 
Congress (Engineering News, Feb. 3, 1910). He 
showed that under the average construction of 
track for high-speed lines in this country very 
little of the full supporting power of a yielding 
subgrade can be utilized. The result is seen in 
the deformation of the roadbed, its material 
swelling up in the spaces between the ties, in 
the manner described by Mr. Schubert (in Ger- 
many), whose tests have been mentioned above. 
We cannot here go into a review of Mr. Byers’ 
work, and his paper is readily accessible for 
those who may wish to study it. We may men- 
tion, however, this conclusion that reduction in 
pressure on the roadbed or subgrade would be 
effected to much greater degree by reducing the 
tie spacing than by increasing the depth of the 
ballast bed. 

The studies of Selby, Schaub and Byers were 
all of a theoretical character, applying engineer- 
ing principles and mathematical methods to the 
subject. They are none the less valuable on that 
account, but it is particulary important to have 
them supplemented by experimental methods. 
We are glad, therefore, to be able to present in 
this issue a description of a very comprehensive 
series of tests made by a committee of engineers 
on the Pennsylvania Lines under conditions 
closely reproducing those of actual track and 
traffic. In a study of the results, the committee 
took into consideration the question of frost, 
which is considered by Bratining (whose tests 
also are noted elsewhere) as one of the import- 
ant factors of the problem. For particulars of 
the experiments on the Pennsylvania Lines, we 
refer our readers to the article above mentioned, 
on another page. 

In concluding our review of the several investi- 
gations of ballast in relation to géneral track 
conditions, two points may be referred to espe- 
cially: the depth of ballast and the use of sub- 
ballast. 

In regard to the thickness of the ballast bed, 
there is a rather striking coincidence of opinion 
among the investigators. Mr. Schubert conclud- 
ed that this should be about 22% ins. for stone 
ballast; Mr. Braiining’s figure was 22 ins. for 
gravel, supplemented by the provision that the 
ballast proper should not exceed 12 ins., leaving 
10 ins. for a bed of sub-ballast. The report on 
the Pennsylvania Lines experiments recommends 
24 ins. of stone ballast upon a 14-in. layer of 
ashes or gravel. While this last goes beyond the 
German recommendations, it must be remem- 
bered that the loads here are very much heavier 
than in Germany; that the investigation consid- 
ered a main line of maximum intensity of traffic. 
Also that Mr. Braiining’s figure is for gravel bal- 
last on roads whose traffic is not such as to ne- 
cessitate the use of the more costly stone ballast. 
Mr. Johnson (applying the Schubert investiga- 
tions to American conditions) arrived at a depth 
of 18 ins. of stone ballast; and Mr. Selby modi- 
fied this by suggesting 12 ins. of stone on 12 ins. 
of gravel. Mr. Byers made no definite statement 
as to depth, but stated that greater uniformity 
in the distribution of the load upon the roadbed 
can be secured to better advantage by reducing 
the spacing of the ties than by increasing the 
depth of ballast. The practical experiments on 
the Pennsylvania Lines indicate that a some- 
what greater depth is required than that arrived 
at by theoretical study. 

It seems to us that one of the important indi- 
cations of all the investigations is the opportu- 
nity for material improvement at comparatively 
small expense by the use of a bed of sub-ballast. 
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LETTERS TO THE EDITOR. 
The Measuring of Elastic Limit. 


Sir: The article in Engineering 
10, 1911, on “The Cause of Occasiv) 
tic Limit in I-Beams; What is the |; 
ing of Elastic Limit?’ raises a yy. 
question. There are in use two 
elastic limit (or as it is sometimes ci iled the "try. 
elastic limit, to distinguish it from th 
cial” elastic limit or yield-point). 
—The lowest stress which produces permanen 
set—is framed from the viewpoint of the engines 
who wishes to know whether a given stress wi) 
injure the material of a structure or 
The other definition—The lowest stress at whic; 
the proportionality of stress to deformation js 
found to be inexact—is framed from the view. 
point of the student of mechanics or the stress 
computer who wishes to know whether his funda. 
mental assumptions hold for the problem under 
consideration. The two elastic limits are, in gen. 
eral, not quite the same for any material, and ir 
either case the value for the elastic limit found 
in careful laboratory tests depends in no small 
degree on the sensitiveness of extensometer used, 
on the personal equation of the observers who 
handle the testing apparatus, and also on the 
personal equation of the draftsmen who draw 
the stress-deformation curves. 

For some years the writer has felt that we 
have very little knowledge of the practical sig- 
nificance of the “true” elastic limit, and that 
under ordinary laboratory practice, using an ex- 
tensometer reading to 0.0001l-in. on a _  gage- 
length of 8 ins., the determination of the elasti 
limit for soft steel affords no more definite re- 
sults than does the careful determination of the 
yield-point. In fact, in view of the very low 
values for elastic limit found by means of deli- 
cate mirror extensometers and by thermo-electri 
methods, it seems open te question whether with 
ordinary extensometers (sensitive to 0.00(01-in 
the “true” elastic limit can be determined—if in- 
deed it exists at all. It has become the writer's 
practice, in making reports of tests in which the 
elastic limit is required, to report two values 
“Stress at first noticeable permanent set,” ané 
“Stress at limit of proportionality of stress to de 
formation,” and to include with the report 4 
statement of the sensitiveness of the extenso- 
meter used and of course a statement of the gage- 
length. 

There are many structures and machines in 
successful use which by the presence of perma- 
nent set show that they have been stressed be- 
yond their “true” elastic limit. The well-known 
tests of Prof. Stribeck on the stresses in ball 
bearings illustrate this fact in a striking manner 
The behavior of a structure under a static load 
which stresses parts of the structure well be 
yond the elastic limit depends on the general 
stockiness or flimsiness of the structure, as well 
as on the amount of local stress. If the structure 
is well tied together, without any very thin parts 
under compression, it may carry without collapse 
loads which produce local stresses beyond the 
elastic limit or even beyond the yield-point of the 
material. If the structure is made up of thin 
flimsy members the whole structure may collaps 
as soon as any part is stressed much beyond the 
elastic limit. 

The question of the practical meaning of the 
elastic limit cannot be settled by laboratory test 
alone. Careful study must be made of actual 
structures and machines, both satis‘actory an 
unsatisfactory. This examination may in some 
cases be made much more useful by the careful 
use of the strain gage. : 

It is to be hoped that the efforts cf Engineer 
ing News to call aftention to our lack of knowl 
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as to the significance of the elastic limit 
re ; forth discussion of that subject by 
an ‘ 


ngineers ll be successful. 
ena 


H. F. Moore. 


Urbana- impaign, Til., Aug. 15, 1911. 








The Highest Re:ord for Engine Duty. 


Sir: On P 128 of your issue of July 27 there is 
‘pote entitied “An Engine Duty of 195,000,000 
; ‘aa which contains some incorrect and mis- 
meds statements. The note states in effect that 
a guarant e of 195,000,000 ft.-lbs. per 1,000 Ibs. 
¢ steam i guaranteed on some triple-expansion 
ai zines for the city of Pittsburgh, said 


umping * 
ae to run with a boiler pressure of 160 Ibs. 
gage and 100° superheat. At the end of this 


article appears the following statement: 


These guarantees even rise above what is 
slaimed to be the record engine duty for any ser- 
vice—that of a Nordberg air compressor at Pain- 
vedale Mich., which is reported to have shown by 
test. the eh figures of 194,930,000 ft.-lbs. 


per 
1.000 Ibs. of steam. 


This last statement is not correct. The com- 
pressor rred to showed by test a duty of 
194,930,000 ft.-lbs. Ber 1,000,000 heat units sup- 
plied to the engine. -In other words, the heat 


consumed per horse-power per hour was 169.29 
B. T. U. It ought to be very plain to any one 
with any rudimentary knowledge of heat and 


mechanics pertaining thereto, that 195,000,000 ft.- 
Ibs. per 1,000 lbs. of steam is not anywhere near 
a performance as that shown bv the 
Painesdale compressor, when to generate the 
steam it has to be evaporated from hotwell tem- 
perature to a pressure of 160 lbs. gage and, be- 
sides that, superheated 100°. The equivalent duty 
for 1,000,000 B. T. U. in that case would be some- 
where near 165,000,000 ft.-Ibs. 

I may here state that the duty recorded on the 
Painesdale compressor was obtained with satu- 
rated steam; in fact the steam during the test 
was extremely wet. At the present date the duty 
on this machine is considerably higher than that 
shown by the test, for the reason that the boilers 
have been improved since the time the test was 
made, so that they now give a reasonably dry 
steam. 

Hoping that this will correct the statements in 
the note above referred to, I remain, 

Yours very truly, 
Bruno Nordberg, 
Vice-President and Chief Engineer, 
Nordberg Mfg. Co. 
Milwaukee, Wis., Aug. 8, 1911. 


as good 


(Our quotation of the claimed record for the 
performance of the Painesdale compressor fol- 
lowed the rather definite statement put forward 
by a correspondent in our issue of March 10, 1910. 
Examination of the report on this compressor 
test shows that the record was 194,930,000 ft.-Ibs. 
per 1,000,000 B. T. U., rather than “per 1,000 Ibs. 
of steam,” as quoted. We are glad to place the 
correct statement of that performance on rec- 
ord.—Ed.] 





On the Use of Concrete and Vitrified Clay Pipe 
for Water Conduits. 


Sir: I have read, with interest, the letter of 
Mr. Benjamin Brooks in your issue of Aug. 3, 
1911, commenting on the selection of materials 
and designs for pipe lines, and advocating 
Strongly the use of vitrified clay pipe in alkali 
soil. 

Inasmuch as the reasons which he gives for ar- 
tiving at his conclusions are based upon fallacious 
premises, I take the liberty of calling attention to 
& number of statements made by him which do 
not appear to be correct. 

4 Kosmocrete pipe, as made at present in Brook- 
‘yn, is intended for sewer purposes and not for 
Pressure pipe, and its porosity, about 6%, has 
never injured its use for sewers. Tests made by 
the U. S. Reclamation Service prove that con- 
crete pipe, when subjected to internal pres- 
sures, may be made practically impervious, and 
for this reason the Government does not hesitate 
to use reinforced-concrete water conduits for 
heads up to 110 ft. Kosmocrete pipe 12 ins. in 
diameter with 1-in. wall thickness, kept under 
increasing pressures, is able in a couple of weeks 
to withstand a pressure of 25 Ibs. per sq. in. 


wemnet appreciable percolation. Kosmocrete 
“li 12 { in diam., bursts at a pressure of 45 
. per 


in., showing a tensile strength of 270 
in. for the concrete. 


ws, Feb. 16, 1911, p. 208. 
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Mr. Brooks states that in a recent test, con- 
ducted in Kansas City, to show the comparative 
merits of vitrified clay pipe and various makes 
of concrete pipe, and at the same time to try 
out the new method of testing proposed by the 
Iowa Engineering Society, a 12-in. standard vit- 
rified clay pipe appeared at a decided advantagé« 
when compared with a 12-in. kosmocrete pipe 
from Brooklyn. A conclusion, based on a single 
test, is not a safe one. Many tests made by the 
Bureau of Sewers of Brooklyn on 12-in. vitrified 
pipe of the highest grade and kosmocrete pipe. 
gave an average breaking load for vitrified pipe 
of 1,493 lbs. per lin. ft. and 2,014 Ibs. per lin. ft 
for kosmocrete pipe. These tests were knife-edge 
tests. 

The method of tests proposed by the lowa En- 
gineering Society was rejected a number of years 
ago in Brooklyn for the reason that the results 
depend upon the manner in which the sand is 
packed about the test pipe. Judging from the 
criticism of Professor Marston's paper at the re- 
cent convention of the American Society for Test- 


ing Materials, it is hardly probable that his 
method for tests will become standard. I have 
made many comparative tests of ordinary com- 


mercial vitrified pipe and kosmocrete pipe, and in 
every case the kosmocrete pipe developed a 
greater strength. The vitrified pipe, used for the 
Brooklyn sewers at present, is of the highest 
grade, and must be to meet the stringent require 
ments. It is not at all probable that the pipe 
ordinarily sold throughout the country is of the 
same grade. 

Mr. Brooks states that the order of preference 
for discharge capacity is vitrified clay pipe, wood 
stave pipe, concrete pipe and riveted steel pipe. 
I do not know from what tests Mr. Brooks ar- 
rives at this order. I would be inclined to put 
vitrified clay pipe towards the bottom of the 
list, if not at the bottom, on account of the 
fact that the warping in burning is so great that 
it is almost impossible to make concentric joints, 
the result of which is that for pressure 
there will be an offset in the pipe every 2 or 23 
ft., varying from \4 to %-in., which will more 
than overcome the advantages due to its glazed 
interior. With concrete pipe a wonderfully 
smooth bore can be obtained. Careful and un- 
biased tests are necessary to determine a matter 
of this kind. 


pipes 


Gustave Kaufman. 


26 Court St., Brooklyn, N. Y., Aug. 7, 1911. 





The Low, Rainfall at Lowell, Prcvidence, New 
Bedford and Boston, 1832-40, Compared 
with Averages for 10-Year Periods 
Since That Time. 


Sir: I have been a good deal interested in the 
abstract of Colonel Burr’s report on “The Influ- 
ence of Forests on Stream Flow in the Merrimac 
River Basin, New Hampshire and Massachusetts,” 
which appeared in Engineering News for July 
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to the Reservoir Commission of Fall River in 
1902 

* * * 19 years previous to 1850 the averag 
precipitation at a number of places was as low 


as these two years (1899 and 1900) It is 
esting to note that the average 
10-year periods rese steadily 
tween 1880 and 1890; since which time the aver 
age has begun to decrease While we should not 
attach too much significance to this, the fact re 

mains that if we ever have ten continuous years 
with as low an average precipitation as fell dur 


inter- 
precipitation by 
from 1832 to be 


ing the years previous to 1840, a good many 
water-supplies in the state will have to be en 
larged 
These differences in ratnfall are shown in the 
accompanying table and diagram 
New 
Low- Provi- sed Bos Aver 
ell.* dence. ford.? ton age 
1832 to 1840.. 37.98 36.87 44.27 41.02 40.03 
1841 to 1850... 40.27 41.21 44.94 42.88 42.32 
1851 to 1860.. 44.14 43.73 44.76 50.09 45.68 
1861 to 1870.. 45.93 47.56 46.27 67.24 49.25 
1871 to 1880.. 45.24 47.84 46.88 50.26 47.55 
1881 to 1890... 46.47 49.07 48.69 48.48 48.18 
1891 to 1900.. 44.46 48.89 47.72 45.46 46.63 
1901 to 1910.. 42.88 41.72 : 37.36 
*Previous to 1861 Merrimack Mfg. Co.; after 
1861 Locks and Canals 
TNo records at New Bedford after 1906 
There is a suggestion in this diagram that per 
haps we have not reached the worst yet 
Arthur T. Safford 
Lowell, Mass., Aug. 4, 1911 
a 
, ae 
Kutter’s Formula Coefficients for Rock Channels. 
Sir In your issue of July 27 I notice two let 
ters, in regard to proper coefficient of roughness 
to be used in connection with Kutter'’s formula 
I supposed that this matter had been threshed 
out to the extent that every engineer who pr: 
tended to measure water by the formnla knew 
that it is a matter of judgment of the engineer 
who took the measurements, in regard to what 
coefficient to use for the particular conditions 
that confronted him The coefficient as given in 


the text books represents the ideal 


conditions, 
but can not be relied upon when thes: 


conditions 


do not exist. The final court of adjudication is 
the judgment of the engineer who takes the ob 
servation. If he is a man who by years of ex 
perience has had opportunity to compare re 


sults of calculations by means of Kutter's form 
ula with weir measurements and meter measure 
ments his judgment may be good, but no definite 
coefficient can be fixed that can be used by an in 
experienced engineer 

Example: A few years ago I 


was called upon 
to reconstruct a “barrel flume,”’ built by Mr. Ham 
Hall for the Bear Valley Irrigation Co. and at 
the time of reconstruction owned by the Pacific 


Light & Power Co. The flume did not carry the 
amount that the company expected, owing to the 
deposit of a soapy-feeling substance that formed 
inside of the flume, which created sufficient fric 
tion to reduce the carrying capacity of the flume 
25%. This matter was demonstrated by rebuild 
ing 64 ft. of flume that 
had destroyed by 
rock slide. The flume was 
rebuilt of exactly the 
Same size, on same grade, 
and new “planed lumber” 


been 


used. When the water 
struck this section the 
surface dropped 9 ins. 
and rose to same height 
as before when it en- 
tered the old section of 
flume. I showed this to 


“ Messrs. J. B. Lippincott, 
W. B. Clapp and Hall, of 


the U. 8S. Reclamation 





Precipitation in Inches. 
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RAINFALL AT LOWELL, PROVIDENCE, NEW BEDFORD, AND BOSTON, 


1832 TO 1910. 


(The New Bedford record closed with 1906.) 


27, 1911. I think it states the conditions on our 
river very fairly. I notice also Mr. Freeman's 
letter in the same igsue. 

The following quotation and accompanying dia- 
gram (with figures and curves brought down to 
the close of 1910) are from a report made by me 





Service (at that time), 
and they said if they had 
not seen it they would 
not believe it. 

Based upon several 
years of practical experi- 
ence, I should advise that 
when an engineer figures 
that a conduit should 
carry certain amoynt of 
water on a certain grade 
according to ideal con- 
ditions of Kutter’s for- 
: mula, and expects that 
that conduit will carry the same quantity of 
water five or six years after its construction, he 
should add 25% to 30% to the cross-sectional 
area of his conduit. 

E. Newman, M. Am. Soc. C. E. 

Big Creek, Cal., Aug. 4, 1911. 
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The Newburyport Bridge and Other Early Sus- 
pension Bridges. 

Sir: In connection with your very interesting 
description [Eng. News, Aug. 3, 1911] of the 
Merrimac River suspension bridge at Newbury- 
port, Mass., the following notes pertaining to 
other early ones will be interesting. 

History of bridge building in China has not 
been well preserved, and yet it is known that 
suspensions existed there nearly 2,000 years ago. 
Historians believe that China and India produced 
the first suspension bridges with iron chains. 
One of these in the Province of Yunnan is de- 
scribed by Kirchen, and is said to have been built 
by order of Emperor Ming, 65 A. D.; the length is 
giveh as 330 ft. Like all others in that country 
prior to the sixteenth century, it had the plank 
floor lying directly on the chains. Many others 
are reported in China, among them being one 
over the River Pei, with a span of several hun- 
dred feet. A remarkable one in Hindustan with 
a span of 600 ft. over the Sampoo River, is de- 
scribed by Major Ramel. In 1802, Humboldt 
found a suspension in Peru crossing the Chambo 
River, with the short span of only 40 ft., the ca- 
bles of which were twisted roots, 3 ft. in diame- 
ter. He found another with a span of 131 ft., 
and cables 4 ins. in diameter supported on timber 
frames, the ends of the cables. being fastened to 
posts driven into the ground. It was provided 
with side guards, but on account of its oscilla- 
tion was very difficult to cross. Others in South 
America had cables made of cow hide. One of 
the earliest known suspension bridges in Europe 
was built by soldiers in 1515, to transport artil- 
lery over the Padus River in Italy. 

The second suspension at Newburyport, which 
was completed in 1827, was at that time the long- 
est one in America, and was exceeded by only 
two others, the Brighton Pier’ and that over the 
Menai Straits at Bangor. It contained five spans 
of about 200 ft. on timber towers, and in many 
respects was a more interesting and important 
structure than the earlier one finished in 1810. 
The towers of both bridges were quite similar, 
consisting of timber frames sheathed over and 
shingled. Descriptions of both the Newburyport 
bridges are given in the writer’s “History of 
Bridge Engineering” and on page 212 will be 
found an illustration of the longer one, which 
was compléted in 1827. 

H. G. Tyrrell. 

Evanston, Ill., Aug. 11, 1911. 

———_—- 


Grade-Crossing Accidents. 

Sir: The conclusion reached in your editorial 
regarding grade-crossing accidents, in the issue 
of Aug. 10, seems to be correct as to the only 
course that will eliminate the accidents, but is it 
reasonable to ask- the people of this country to 
pay for this, the benefit of a small proportion of 
the population who are too careless to look out 
for their own welfare? I have followed with in- 
terest the accounts of various accidents to auto- 
mobiles and their occupants at grade crossings, 
and should say that the “stalling” of the motor 
seems to be the cause of more accidents than 
any other one thing. This was the cause of the 
Raceville, N. Y., accident, and only a few days 
later a Bloomfield, N. J., doctor abandoned his 
car to destruction, while he and his wife reached 
safety by using the means of locomotion with 
which nature originally endowed them. The 
cause of stalling the motor is almost invariably 
an attempt to cross the tracks on the high- 
speed gear. Practically all railroad tracks cause 
a car to jounce, and hence the driver seeks to 
cross the track with his engine running at as low 
a speed as-possible, but usually with the high- 
speed gear. If tne driver would take the trouble 
to shift to a lower speed, the stalling of motors 
on railroad tracks would be far less common. 
This lack of thought on the part of the drivers 
is something that the whole community should 
not be penalized for. Just because the automo- 
bile owners of the country are wearing out the 
highways, built at a tremendous cost, there is 
no reason why, for their own convenience, the 
rest of the community should be saddled with 
another unnecessary expense. 

a. SS. 

mast Orange, N. J., Aug. 15. 

cave itniantaenescngentellipaivaigpiielitimagicne 

A Shortage in the Water-Supply of a number 
of villages on the lower: Hudson,. not far from 
New York City, is reported. The villages in- 
clude North Tarrytown, Dobbs Ferry, Ardsley, 
Hastings and Scarsdale, which are now supplied 
by the Consolidated Water Co. 
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The State Highway Construction in 
Massachusetts. 


In view of the recent large appropriations for 
state highway construction in Pennsylvania, New 
York, California and other states, aggregating 
many millfons of dollars, it is interesting to note 
from the recent report of the Massachusetts 
Highway Commission the progress, development 
and character of work done in the first state to 
establish a permanent highway commission. This 
commission was created by act of the legislature 
in 1893 and its first members were Messrs. Geo. 
H. Perkins, W. E. McClintock, M. Am. Soc. C. E., 
and the late N. 8. Shaler, Dean of Lawrence 
Scientific School, Harvard University. 

The total length of state highways constructed 
in Massachusetts to Nov. 30, 1910,. was 837.6 
miles. The total amount of money expended by 
the State Highway Commission for the construc- 
tion of these roads, including the planting of 
trees, was $7,607,781. This makes the average 
cost of state road about $9,000 per mile. 

Of the 54% miles of road completed during the 
past year, 18 miles were of ordinary water-bound 
macadam, 6 miles of ordinary gravel, 6% miles 
of sand bound with oil, 2% miles of bituminous 
macadam where the binder was incorporated in 
the top course, 6% miles of ordinary macadam 
covered with a surface binder of asphaltic oil, 
and 14% miles of gravel with top course bound 
with a bituminous binder. 

With the $500,000 annual appropriation for 
highways the Commission considers the greatest 
benefits are obtained by improving the main lines 
of travel between towns and cities, the large 
cities and towns benefiting most by having good 
connecting roads with the farming communities, 


. over which produce is economically and quickly 


hauled. Consequently little is attempted in the 
immediate vicinity of large cities where traffic is 
so heavy as to require nothing short of an ex- 
pensive pavement. 

Particular attention is also being given to the 
improvement of the “small town” roads which 
may be termed secondary Lines of travel. Since 
work of this character was started, about four 
years ago, 235 miles of such road have been im- 
proved, at a total cost of $401,503. In-many in- 
stances the Commission has been able to improve 
long sections of road for a small outlay. On 
some roads the improvement consisted only in 
widening out the worst sections, shaping up the 
road, filling holes and ruts, blasting out a few 
ledges, and on such parts of the road as were in 
good condition doing practically no work. For 
these improvements the towns contribute a part 
of the expense, and agree to maintain the road in 
a suitable manner; failing to do so they must 
pay back to the state $50 per mile of improved 
road per annum, this sum being devoted to the 
expense of maintenance by the Highway Com- 
mission. . 


Under the law the Commission and its engi- 
neers are required to give expert advice and as- 
sistance to the various cities and towns when so 
requested. While it is impossible to comply with 
all requests very much has been done in this 
direction in securing better roads for the towns 
and better returns for money expended by them. 
It has also proved of great educational value to 
town officials who have charge of road construc- 
tion and repair. It is one of the most interesting 
and promising developments in highway improve- 
ment, and not only adds much interest and zest 
on the part of the towns, but places at their 
service, without expense, a corps of exceptionally 
able highway engineers. The services thus fur- 
nished include not only expert advice, but super- 
vision of work undertaken and paid for by the 
town individually, surveys and estimates, and de- 
signs for bridges and similar structures. 

The maintenance of roads under automobile 
traffic continues to be the greatest problem. A 
good example of the rapid deterioration of a new 
macadam road is illustrated by a road built in 
the town of Becket in 1909. This road was built 
of the best local stone obtainable. It was not 
opened for traffic until late in the fall of 1909. 
By July, 1910, the surface of the road was so 
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torn up and rutted by automobile t; 
expenditure of over $1,400 a mile 
to repair it and apply a coat of as; 

The application of some form of 
binder has proved the only practi 
maintaining both new and old maca 
the old macadam has much better re 
ties than the new. For this pur; 
gals. of oil were used in 1910. To 
apply this binder required the tota 
money available from motor vehicle 
all other maintenance charges to }: 
of the general] appropriation. The . 
ing a typical road with %-gal. of 0} 
in two \%-gal. applications, was 7.6 
included cleaning, patching old su: 
oil, rolling, ete. 

The experiments with sand and oi! 
proved very satisfactory. Asphaltic 
used in various ways in different 
sand or gravel has been heated and 
oil, spread upon the road, and pro; 
and rolled; in other cases the oil has 
and used in the s0-called building 
using an application of about %-ga! 
on the shaped and hardened surfac: 
grade, and covering it with sand 
absorb all the oil, then giving anv: 
of %-gal. per sq. yd. and another c 
finally adding %4-gal. per sq. yd. to 1 
other layer of sand. 

The latter method is cheaper than 
sand and oil mixed, and where the s 
hard and well shaped and a uniform 
of oil was secured it proved reasona 
tory. The road generally needed 1 
some places, and where it failed 
usually to be due to the uneven dist: 
the o:l. When this happens holes 4 
more oil has to be added, and the w! 
crowned and rolled into place. This 
the second season, and, so far, has 
reasonably satisfactory road at muc! 
than required for macadam. By use 
of construction. the Commission h 
many miles to the State road syst 
would otherwise not be built because 
cessive cost of macadam. 


t 
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A Boiler Explosion at Eaton, Ind, 
the plant of the Paragon Paper Co. d ed the 
mill to the extent of $1,000 and killed two mer 
of the night shift. Reports state that 
exploded. 

———_———— @—-- 

A Tornado in North Dakota caused the death of 
eight persons on Aug. 20. The storm appears to 
have been worst along the international bound- 
ary line. Many farm buildings on both sides of 
the line were destroyed. 

nO 

A Mine Cave-In at Hibbing, Minn., on Aug. 1% 
buried several men under tons of earth and rock. 
The men were detailed to dig out a steam-shovel, 
which had been working on a wide shelf about 
115 ft. from the top of the bank and 35 ft. above 
the bottom of the pit, and had been partially 
buried by a previous cave-in. The second slide 
buried the rescuers, but all except three succeeded 
in getting out alive. 

——_ ———_o ——_ 

Two Locomotives Were Wrecked on the South- 
ern Ry., at Sueville, S. C., on Aug. 20, by falling 
through a burning trestle. The locomotives were 
drawing a passenger train, which, however, did 
not leave the rails. One fireman was killed, but 
no passengers were injured. 

——_——_o—— 

An Explosion of Gas wrecked the foundry build 
ing of the Illinois Steel Co. plant at Jolict, IIL, on 
Aug. 18. The explosion took place in a small fur- 
nace at one end of the building. Forty men were 
in the building at the time. The building was 
badly shattered, and the falling of th oncrete 
roof slabs killed four of the workmen «nd set 
ously injured 13 others. 

——__q———_— 

A Passenger Train Was Derailed ©' 
just west of Columbus, Ohio, on the | 
Cincinnati, Chicago & St. Louis R. R. 
was known as the Cincinnati and New 
cial and was running east at about 40 
hour. According to reports the derailn 
red near the P. T. # a curve where ti 
truck of the second coach struck a s¥ 


Aug. 18 
eveland, 
re train 
York Spe 
iles per 
nt occur: 
forward 
tch point 

















ith of 
irs to 
yound- 


des of 


ug. 19, 
1 rock. 
shovel, 
ibout 
above 
rtially 
i slide 


ceeded 


South- 
falling 
‘s were 
er, did 
ed, but 


y build- 
Ill, on 
ill fur- 
n were 

ng was 
oncrete 

id seri- 


Aug 18, 
evel and, 
re train 
rk Spe- 
iles per 
t occur 
forward 
h point 









ENGINEERING NEWS. 








24I 
August 24, I9TT. 4 
eqns jled. The first two coaches were not injure it or any other vessel very seriously. This company operates on Rockaway Beach, a 

ras s -, 4 } 

and was y n embankment, and two Pullmans The damage was repaired in remarkably short bar lying between Jamaica Bay and the ocean 
ee ail ind thrown across the tracks. Thir- time by the canal force, navigation being re- The West Rockaway Land and Neponsit Realty 
sigs: cn ne were seriously hurt, including the sumed the same day in time for the regular Sun- companies desired a single track of this electric 
een persv® 


d fireman. 


engineman Sto 


Fire Near Frankfort, Germany, on Aug. 19, 
: . works of the Apel Sewing Machine 

Bicycle Co., at Russelheim. Two persons were 
& DISS 


vajed and the financial loss ae to be $1,000,000. 


The French Steamer “Emir” sank Aug. 9 in the 
coait of Gibraltar, five miles east of Tarifa, 
a collision with the British steamer 

Seventy-one of the “Emir’s” pas- 
| 24 of her crew were drowned, while 
rescued by the crew of the “Sil- 


} 
destroyed t! 


Spain, after 
Silverton 


sengers a! 


a others Ww e 

arton.” The “Emir” was a vessel of 1,291 tons 
er was bound from Gibraltar for a Moroccan 
. he collision oceurred in a dense fog. 

co a 


\ Rock Fall in the Hales Gap Tunnel of the 
virginian Ry., on Aug. 14, blocked traffic for sev- 
eral days \ freight train struck the fall, but 
yas pulled out without damage. The tunnel is in 

e and is timbered. 

— eee 


By the Fall of An Aeroplane Flyer, Lieut. %... é. 
I dge, of the British Army, was killed at Alder- 
hot on Aug. 18. The machine is reported to have 
sae “a new-pattern military type.” 

H. N. Atwood, who has been attempting a cross- 

untry fight from St. Louis to New York City, 

mpleted his ninth day by landing near Fort 

Jain, N. Y., 1,065 miles from the start and 200 

les from the finish. The first two days’ runs 
were noted in our previous issue. The third day 
was spent between Elkhart, Ind., and Toledo, 
Ohio, 133 miles; actual flying time 2 hrs. 56 min. 
The fourth day ended at Cleveland, Ohio, 123 
miles, the flying time being 2 hrs. 20 min. The 
fifth day saw the aviator at Swanville, Pa., near 
Erie, and 84 miles from Cleveland; the flying time 
was 2 hrs. 7 min. On the sixth day, 99 miles was 
covered to Buffalo, N. Y., the flying time being 2 
hrs. 21 min. The seventh day saw 104 miles cov- 
ered, to Lyons, N. Y., with 2 hrs. 11 min. of actual 
fight. On the eighth day Atwood covered 40 
miles, officially, in 1 hr. 28 min., landing at Belle 
Isle. He reported having lost his bearings and 

dea detour. The 95-mile trip of the ninth day 
to Fort Plain was made in 2 hrs. 10 min. This 
makes the total time in the air for the 1,065 miles, 
3 hrs. 32 min. 

An altitude record for aeroplane flight, 11,726 
ft. was reported made by O. A. Brindley on Aug. 


18 at Chicago. 
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Boiler, Elevator and Flywheel Accidents in the 
United States and Canada during the month of 
May, 1911, as listed by the Fidelity and Casualty 
Co, of New York, killed a total of 30 persons. 
There were 22 boiler explosions in the month, but 
only five persons were killed by them. This is 
even less than in April, when eight persons (less 
than one-third the monthly average for the fall 
and winter) were killed. The number of elevator 
accidents, 94, is more than 50% larger than in 
\pril, and 25 persons were killed as compared 
with 13 in April. Only six of the 25 persons 
killed in May lost their lives by falling down 
Shafts, an unusually small proportion. Three 
were killed by the falling of elevators and 
16 were struck by elevators or caught and 
crushed. The worst of the four fiy-wheel 
accidents in the month oecurred in the electric 
light plant at Temple, Tex., damaging property 
to the extent of $2,000. No fatalities resulted 
frem any of the fly-wheel accidents, and only 
three persons were injured. 

The figures for June are nearly the same as for 
April, the total killed in each of these months 
being 23. Boiler explosions in June numbered 
eleven and killed seven persons. Elevator acci- 
dents numbered 67 and killed 13 persons of whom 
Seven were caught and crushed and six fell down 
shafts. Fly-wheel accidents, of which there were 
Seven, including grinding-wheel explosions, killed 


only three persons, but three others were re- 
ported fatally injured. 
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i from Montreal to Ashtabula. The 

Uy was in a hurry to get through 
re the Sunday tie-up that starts at 

t being held back in time, smashed 

Ses Geis " gates, which were spread apart by 
esi oe rhe water rushing through tore out 
bed the m _ one of the lower gates and car- 
cat well down the lower level, but did 





day night lock-opening hour, 9 p. m. 
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The Bridgeport Wreck on the New York, New 
Haven & Hartford R. R., which occurred on July 
11, was reported upon by Chief Inspector of Safety 
Appliances, H. W. Belnap, of the Interstate Com- 
merce Commission, on Aug. 17. The report states 
the controlled manual block signal system was 
in good working order, and that ample warning 
was given the engineer that the crossover was 
to be taken. The interlocking plant is not equip- 
ped with approach locking to prevent signalmen 
from changing the switches while a train is 
closely approaching them, but there is no evi- 
dence in this case to show that the absence of ap- 
proach locking in any way contributed to this ac- 
cident. The crossover frogs were No. 8. The re- 
port states that the accident might have been 
avoided by using No. 18 or 20 frogs, but that the 
location of the crossover near the P. T. of a curve 
made such a long crossover impractical. The re- 
port concludes that the signals and rules, had 
they been observed, were adequate to prevent 
such accidents; that the accident was due to dis- 
regard by the engineman of the rules and signal 
indications; that in all locations where accidents 
are likely through the non-observance of rules 
and signals, automatic train-control apparatus 
should be provided; that in the absence of such 
control, on tracks where high-speed trains are 
run, switches should not be set to divert trains 
from one track to another on a crossover not safe 
for high speeds, until the train has been brought 
to a stop; that all interlocking plants where high- 
speed trains are operated over facing switches 
should be provided with approach locking. 

————_——e————_—__—_ 

The Water Consumption of Paris, stated in a 
note on p. 215 of our issue of last week to be 
320,000 cu. m. per day, should be 420,000 cu. m. 
daily. This per diem consumption of 111,000,000 
gals. is a per capita per diem consumption of 37 
gals., which corresponds very closely to the 37.9 
gals. per capita per diem reported for 1911 for 
London, by the Metropolitan Water Board. 

A Large Water Filtration Plant for New York 
City has been under consideration for a number 
of years, and quite recently an appropriation be- 
tween $8,000,000 and $9,000,000 for construction 
work has been made. The general proposition is 
to build a plant with a daily capacity of 400,000,- 
000 gals. on the site of what was originally in- 
tended to be the eastern basin of the Jerome 
Park Reservoir. Plans for a sand filtration plant 
at this location were made three years ago, by 
the Department of Water Supply, Gas and Elec- 
tricity, under the direction of Mr. I. M. de Va- 
rona, M. Am. Soc. C. E., Chief Engineer of the 
department. These plans will now be reviewed 
and brought up to date and plans and specifica- 
tions will also be prepared for a mechanical fil- 
tration plant, with the idea of comparing the 
advantages and estimated cost of each and choos- 
ing between the two types. A filtration staff of 
18 men is to be created, including men outside 
and within the department. Among 14 men thus 
far appointed to the staff, the following have 
been chosen from without the department: Mr. 
Geo. W. Fuller, M. Am. Soc. C. E., New York 
City, Consulting Expert; Mr. Elmer G. Manahan, 
M. Am. Soc. C. E, (until recently of the firm of 
Hering & Fuller, New York City), immediately 
in charge of design under Mr Fuller; Mr. Thos. 
Cc. Atwood, Assoc. M. Am. Soc. C. E., until re- 
cently with the Board of Water Supply, New 
York City; Mr. Charles P. Bueger, who for a 
long time was employed on filtration, design and 

“construction work in Philadelphia. Mr. Henry 8S. 
Thompson is Commissioner of Water Supply, Gas 
and Electricity, New York City. 





en 
A Cable Message was sent around the world on 
Aug. 21, by the New York “Times” in 16% min., 
the message being handled as ordinary commer- 
cial business. The cablegram was relayed at San 
Francisco, Honolulu, Midway Island, Manila, 
Hongkong, Siigon, Singapore, Madras, Bombay, 
Aden, Suez, Port Said, Alexandria, Malta, Gibral- 
tar, Lisbon and the Azores. In all 21,397 nautical 
miles (24,963 land miles) of submarine cable and 
3,650 land miles of telegraph line were traversed. 

ntgivedinsiny ucuaiibsinoninnishatasaias 
An Extension of the Electric Railway Line of 
the Ocean Electric Ry., in the Borough of 
Queens, New York City, has been denied by the 
Public Service Commission for the First District 
of New York, in an opinion recently published. 


railway westerly through their land develop 
ments and gave rights in perpetuity to the rail 
way company for lines to extend along private 
streets which were later to be ceded to the city 
The commission held (1) that there were no in 
habitants yet in the vicinity and no public ne 
cessity, and (2) that granting the extension 
would give the railway perpetual rights on the 
streets after being ceded to the city This last 
result was held to be against the spirit of the 
statute limiting the life of such franchises and 
to open the way for evasion of the law in other 
cases. 


seca Gps 


A Certificate of Public Convenience, applied for 
by the Buffalo; Rochester & Eastern R. R. Co., to 
enable it to build a steam railroad between Buf 
falo and Troy, N. Y., has for the second time 
been denied by the Public Service Commission 
of the Second District of the state named The 
previous rejection was made on March 15, 1909 
The Commission is strongly of the opinion that 
the railroad is still unable to prove its financial 
ability to construct such a railroad or come any 
where near earning 
the road were built. 


enough to pay charges if 





——_— @——_——  — 

A Compromise City Charter for Atlanta, Ga., is 
said to have been agreed upon by a committe 
of the State Legislature and some of the officials 
and citizens at Atlanta. The plan is to substi 
tute for the present City Council of 30 members 
a council of 10 men representing the 10 wards of 
the city, but chosen both in the primaries and 
final elections by the vote of the entire city; also 
to substitute for the many existing administra 
tive boards (except the Board of Education) a 
single board of five members, including the 
Mayor. The powers of the council would be re 


stricted to legislatidn and levying taxes The 
administrative board would have charge of 
everything of an executive nature except edu- 


cational work, and would also control appropria- 
tions. The councilmen would be elected for 
terms of two years and receive salaries of $300 
a year The Mayor would be elected for two 
years and be paid $6,000 a year, while the other 
four members of the administrative board would 
be elected for four years and be paid $5,000 a 
year. An unusual recall feature is provided to 
the effect that any seven of the ten members of 
the council may publish reasons for the recall 
of any member of the administrative board and 
set a date for an election, at which the person 
under recall may stand for reelection if he sees 
fit. A board of education ef five members would 
be chosen by the administrative board to act in 
conjunction with the Commissioner of Schools. 
Curiously enough, while this proposed charter is 
described as a satisfactory compromise, one of 
the reasons given for not submitting the charter 
to popular vote is that it would result in a bitter 
conflict between those favoring and those oppos- 
ing the commission plan. 

— e- - —-- = 

The Power Development on the Los Angeles 
Aqueduct is to be increased from 120,000 HP. to 
150,000 by developments on Cottonwood and Di- 
vision Creeks in Mono County. On Aug. &, the 
Los Angeles City Council authorized Mr. Wm. 
Mulholland, Chief Engineer of the Aqueduct, to 
file claims for water rights in conformity with 
recent legislation giving municipalities prior 
rights to water and power on all streams in the 
state. (For an outline of the earlier Aqueduct 
power developments see Eng. News. March 24 
and Dec. 29, 1910). 

—_—- -—- ----9 _-_— — — —___. 

An Unusual Irrigation Project is about to be 
undertaken in the San Joaquin Valley, just south 
of Stockton, Cal. This project, which is being 
carried out by the South San Joaquin Irrigation 
District, under the provisions of the Wright- 
Bridgeford Act of the State of California, is dif- 
ferent from most other irrigation schemes in that 
the irrigation is to be applied to lands already 
under a fair degree of cultivation and not arid 
and worthless. The land is now producing an 
annual value of at least 2% million dollars for 
the 71,050 acres, and is being held at about $85 per 
acre. By the aid of irrigation it is expected that 
the production will be so increased as to make 
the land worth two or three times its present 
value. Another unusual feature is that the Di- 
rectors of the District have pledged themselves 
to build a complete distribution system and thus 
bring water to all owners of land instead of 
building, as in most cases, only the main canal 
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and the principal laterals. The total bond-issue 
authorized is $1,875,000, or $26.40 per acre. The 
present population of the District is about 3,500. 

The works to be built, part of which are now 
under contract, comprise a concrete diversion 
dam 450 ft. long and 75 ft. maximum height, of 
a peculiar multiple arch type with two arches 
abutting against a main buttress in the channel; 
concrete head and regulating works, and about 
17 miles of conduit, of which about 6,000 ft. is in 
tunnel, 2,000 ft. on a reinforced-concrete flume 
and the rest in concrete-lined open canal]. These 
all constitute the supply system and bids for a 
distributing system will be asked later. 

Mr. Edwin Duryea, Jr., M. Am. Soc. C. E., of San 
Francisco, is Chief Engineer for the District 

’ in cpa 

The Common Roller Towel, as well as the pub- 
lic drinking cup, has recently been tabooed in 
Chicago by a city ordinance. passed by the City 
Department of Health. The drinking-cup ordi- 
nance became effective on Aug. 8 and the roller- 
towel ordinance on Aug. 10. Each ordinance is 
published in full in the weekly Bulletin of the 
Chicago Department of Health for Aug. 5, 1911. 
A state law against the public drinking cup went 
into effect on July 1, 1911 


——<——— a 


Personals. 


Mr. Walter H. Donley has been appointed Mas- 
ter Mechanic of the Illinois Central R. R. at East 
St. Louis, Ill, succeeding Mr. F. G. Colwell, re- 
signed. 

Mr. George I. Gay, formerly Instructor at the 
University of Illinois, has been appointed Instruc- 
tor in Civil Engineering at the University of 
California. 

Mr. F. J. Allen, formerly Resident Engineer of 
the Missouri & North Arkansas R. R., at Eureka 
Springs, Ark., has appointed Engineer of 
Maintenance-of-Way the same road. 


Mr. E. M. 


been 
for 
Weaver, formerly Signal 
of the Long Island R. R., has been appointed 
Engineer of Maintenance-of-Way of the same 
road, succeeding Mr. J. B. Austin, promoted. 


Mr. R. H. Corey, Assoc. M. Am. Soc. C. E., As- 
sistant Engineer of the Water Department of 
Portland, Ore., has resigned to accept a position 
with the Pacific Light & Power Co., with head- 
quarters in Portland. 


Mr. A. De Bernadi, formerly Superintendent of 
the Missouri Pacific Ry., at Falls City, Neb., has 
been promoted to General Superintendent of the 
Western District of the same road with offices at 
Kansas City, Mo., succeeding Mr. W. J. McKee, 
resigned. 

Mr. W. W. Young, a consulting engineer of New 
York City and Philadelphia, Pa., has been ap- 
pointed Consulting Engineer for the Bronx Valley 
Sewer Commission. Mr. Young has been connected 
with the work of the commission for the past 
seven years. 

Mr. T. H. Hoge, Assistant to the Superintend- 
ent of Construction of the Ontario Power Co., 
Niagara Falls, Ont., has béen appointed Man- 
aging Editor of the “Canadian Engineer” of 
Toronto, Ont. Mr. Hogg is a graduate of To- 
ronto University, class of 1907. 


Mr. Austin B. Fletcher, M. Am, Soc. C. E., Sec- 
retary-Engineer of the, Highway Commission of 
San Diego County, Cal., has been appointed State 
Highway Engineer of California at a salary of 
$10,000 per annum. Mr. Fletcher was for many 
years Secretary of the Massachusetts Highway 
Commission. 


Mr. Richard W. Sherman, M. Am. Soc. C. E., 
President of the Troy Public Works Co., of Utica, 
N. Y., has-been appointed Chief Engineer of the 
New York State Conservation Commission. Mr. 
Sherman is a brother of the Vice-President of 
the United States and has been City Engineer 
and Mayor of Utica. 


Mr. A. S. Abbott, Master Mechanic of the St. 
Louis & San Francisco R. R., at Sapulpa, Okla., 
and Mr. J. Foster, Master Mechanic of the same 
road at Kansas City, Mo., have been promoted to 
the positions of Mechanical Superintendent of 
the First and Second Districts, respectively, with 
headquarters at Springfield, Mo. 


Mr. Wm. Paul Gerhard, M. Am. Soc. M. E., 
Consulting Hydraulic and Sanitary Engineer of 
New York City, has been awarded the honorary 
degree of Doctor of Engineering by the Techni- 
cal University of Darmstadt, Germany. This de- 
gree is awarded for conspicuous merits in pro- 
moting the technical sciences by the unanimous 
vote of the faculty and the senate of the uni- 
versity. 


Engineer 


Mr. Fred W. Sarr, Assoc. M. Am. Soc. C. E., 
Division Engineer of the Fourth Division, at 
Syracuse, N. Y., New York State Highway De- 
partment, has resigned. He is succeeded by Mr. 
Fred S. Strong, formerly Assistant Engineer of 
the same division. Il] health is given as the rea- 
son for Mr. Sarr’s resignation. The position pays 
$3,000 per annum. 


Mr. Clarence Goldsmith, Assoc. M. Am. Soc. C. 
E., has been granted a year’s leave of absence as 
Hydraulic Engineer with the Committee on Fire 
Prevention of the National Board of Fire Under- 
writers, and during this time will supervise the 
installation of the new high-pressure system of 
water mains for fire protection in the business 
district of Boston, Mass. 

Mr. Elmer G. Manahan, M. Am. Soc. C. E., for 
the past three years a member of the firm of 
Hering & Fuller, Consulting Engineers, New 
York City, has been appointed Division Engineer 
of the Department of Water Supply, Gas and 
Electricity of the City of New York, in joint 
charge with Mr. T. C. Atwood of the filtration 
plant to be constructed for the Croton water 
supply. 

Mr. Thomas C. Atwood, Assoc. M,. Am. Soc. C. 
E., for the past four years Division Engineer of 
the Board of Water Supply, City of New York, in 
charge of the design and construction of the 
Bronx division of the Catskill aqueduct, has been 
appointed Division Engineer of the Department 
of Water Supply, Gas and Electricity of the City 
of New York, in joint charge with Mr. E. G. 
Manahan of the filtration plant to be .constructed 
for the Croton water supply. 


Mr. A. M. Burt, Superintendent of the Fargo 
Division of the Northern Pacific Ry. at Dilworth, 
Minn., has been appointed Superintendent of the 
Rocky Mountain Division of the same road at 
Missoula, Mont., succeeding Mr. M. M. Fowler, 
who has resigned. Mr. Burt is succeeded at Dil- 
worth, Minn., by Mr. B. O. Johnson, formerly Su- 
perintendent of the Yellowstone Division at 
Glendive, Mont. Mr. T. H. Lantry, Trainmaster 
at Spokane, Wash., succeeds Mr. Johnson at 
Glendive. 


Prof. O. P. Hood, M. Am. Soc. M. E., head of 
the departments of mechanical and electrical en- 
gineering of the Michigan College of Mines, has 
accepted an appointment as Chief Mechanical En- 
gineer of the United States Bureau of Mines, and 
after September will make his headquarters in 
Pittsburgh, Pa. Prof. Hood graduated from Rose 
Polytechnic Institute in 1885, and from 1886 to 1898 
was Professor of Mechanical Engineering at the 
Kansas State Agricultural College. Since 1898 
he has been Professor of Mechanical and Electri- 
cal Engineering at the Michigan College of 
Mines. Prof. Hood is also a member of the 
American Institute of Mining Engineers and has 
carried on an extensive consulting practice for 
several years. 


Obituary. 

Francis Collingwood, M. Am. Soc. C. E., died on 
Aug. 18 at Avon-by-the-Sea, N. J. A biographical 
sketch of Mr. Collingwood will appear in a later 
issue, 


Capt. John Cross, for many years prominent as 
a railway promoter, died at his home in Los 
Angeles, Cal., on Aug. 6, aged 70 years. Re- 
cently he had been interested in promoting the 
San Francisco Short Line R. R. 


William Arthur Hungerford, Manager of the 
Canadian Tale & Silica Co., of Eldorado, Ont., 
and a prominent mining engineer, died on Aug. 
15 at his home in Madoc, Ont. He was born in 
Ireland in 1847 and came to Canada when 17 
years of age. 


Joseph Heckart Frazer, Jun. Am. Soc. C. E.. 
died recently at Aruro, Bolivia, from pneumonia. 
Mr. Frazer was a natiye of Newark, Del., and 
graduated from Delaware College in 1903. He 
had been engaged in contract work in Bolivia for 
the past seven years. 


James H. Lappin, formerly an engineer em- 
ployed by the Department of Bridges, City of 
New York, and in the Department of Water Sup- 
ply, Gas and Electricity, died recently at his 
home in New York City. He was 50 years old 
and an employee of the city for many years. 


Omar N. Steele, Manager of the American Ship- 
building Co.’s works at Cleveland, Ohio, died in 
that city from apoplexy on Aug. 17. He was 
born in 1843 and served throughout the Civil 
War in an Ohio regiment. He had been asso- 
ciated with the Cleveland Shipbuilding Co. and 
its successor, the American Shipbuilding Co., for 
27 years, 


7 . . 
Engineering Societies. 
COMING MEETINGS 


TRAVELING ENGINEERS’ Ass: 

Aug. 29-Sept. 1. Annual conventj 

Ill. Secy., W. O. Thompson, 
Shops, East Buffalo, N. ¥ 


INTERNATIONAL ASSOCIATION © 
ELECTRICIANS. 
= 12-15. Annual meeting at s 
ecy., Clarence “*R. George, Ho, 
MASTER CAR AND LOCOMOTIY}) 
ASSOCIATION. 
o> 12-15. Annual convention at ntic Cit 
. J. Secy., A. P. Dane, Boston neR PB 
Reading, Mass. eR 
ROADMASTERS AND MAINTENA)> OF 
ASSOCIATION. 
Sept. 12-15. Annual meeting at s 
ecy., W. E. Emery, Peoria, 1)! 


COLORADO ELECTRIC LIGHT, |i \ep 

RAILWAY ASSOCIATION. ; 

~—_ 13-15. Annual convention Glenwood 

prings, Colo. Secy., F. D. Morris, P. 0. Bo 

1052, Colorado Springs, Colo. a 
NEW ENGLAND WATER WORKS A 
Sept. 13-15. Annual convention . 

ass. Secy., Willard Kent, \ 

Pier, R. L 


ASSOCIATION OF EDISON IL! 
COMPANIES. 

Sept. 19-21. Annual convention at Spring Lake 
“. J. Secy., N. T. Wilcox, Lowell, Mass 
AMERICAN ELECTROCHEMICAL SoOcIpty 

Sept. 21-23. Annual meeting at Toronto, om 

secy., Jos. W. Richards, Lehigh Univers: 
South Bethlehem, Pa. are 
MICHIGAN GAS ASSOCIATION. 
Sept. 20-22. Annual meeting at Detroit, Micr 
Secy., Glenn R. Chamberlain, Grand ‘Rania 
Gas Light Co., Grand Rapids, Mich. 
ILLUMINATING ENGINEERING SOC InPTY. 
Sept. 25-27. Annual convention Chicago, 
ll. Secy., Preston S. Millar, 29 West 29th st’ 
New York City. a 
AMERICAN SOCIETY OF 
PROVEMENTS. 
Sept. 26-29. Annual convention at Grand Rap- 
ps, Mich. Secy., A. P. Folwell, 239 West 35th 
St., New York City. * 
AMERICAN MINING CONGRESS. 
— 26-29. Annual session at Chicago, Ill 
ecy., J. F. Callbreath, Denver, Colo. 
LEAGUE OF AMERICAN MUNICIPALITIES. 
Oct. 4-6. Annual convention at Atlanta, Ga 
Secy., John MacVicar, Department of Streets 
Des Moines, Iowa. 


AMERICAN ELECTRIC RAILWAY ASSOCIA- 
TION SSOCIA 


Oct. 9-13. Annual convention at Atlantic City, 
N. J. Secy., H. C. Donecker, 29 West 35th 
St., New York City. 
NATIONAL ASSOCIATION OF RAILWAY COM- 
MISSIONERS. 
Oct. 10. Annual convention at 
x & Secy., Wm. H. Connolly, 


\ICIPAL 
il, Minn 
Tex 

INTERS 


Way 


AND 


SOCIATION 
Gloucester 


rragansett 


MINATING 


Rapids 


MUNICIPAL IM. 


Washington, 
Washington, 


AMERICAN INSTITUTE OF MINING ENGI- 
NEERS. 


Oct. 10-17. Annual convention at San Francisco, 
Cal., followed by trip to Japan. Secy., Joseph 
Struthers, 29 West 39th St., New York City. 


RAILWAY SIGNAL ASSOCIATION. 


Oct. 10-12. Annual convention at Colorado 
Springs, Colo. Secy., C. C. Rosenberg, Bethle- 
hem, Pa. 


AMERICAN RAILWAY BRIDGE AND BUILDING 
ASSOCIATION. 

Oct. 17-19. Annual ccnvention at St. Louis, Mo. 

Secy-. C. A. Lichty, C. & N. W. Ry., Chicago, 


AMERICAN GAS INSTITUTE. 
Oct. 18-20. Annual convention at St. Louis, Mo. 
Secy., A. B. Beadle, 29 West 39th St. New 
York City. 


Institute of Operating Engineers. 


The first formal annual meeting will be held 
in the Engineering Societies Bldg., New York 
City, Sept. 1-3. Session for the presentation of 
technical papers will be held Sept. 1 at 2 p.m 
and Sept 2 at the same hour. Among the papers 
to be presented are the following: “A Boiler 
Room Analysis of Coal,” J. P. Fleming; “Cooling 
Towers versus Steam Pumps,” Henry W. Geare, 
Chief Engineer, Peter Doelgers Brewery; “Engine 
Lubrication,” R. D. Tomlinson, Engineer in 
charge of engines and condensers, Allis-Chalmers 
Co., Milwaukee, Wis.; “Elements of Indication 
Work,” F. C. Holly, Yazoo City, Miss.; “The Prox- 
imate Coal Analysis,” Frank Martin, New York 
City; “Water in Steam Mains,” John MacVicar, 
Boston, Mass.; “Changes in a Power Plant t 
Partly ‘Comply with an Operating Engineer's 
Idea of Economy,” Wm. I. Hart, Chicago, Ill: 
“Running Without Cylinder Oil,” R. B. Crockett, 
San Beneto, Tex; “Description of « Mixed 
Combination Central Plant,” J. O. ©lson, Clar 
inda, Iowa. 

The secretary is Mr. Hubert EB. Collins, 29 Wet 
39th St., New York City. 

American Society of Civil Engineers 

At the Aug. 18 meeting of the San Francise? 
Association of members of this society, Mr. C 
Snyder presented an illustrated paper on “Some 
Recent Developmerts in Concrete-St:°! Building 
Construction.” ~ 
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